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There is a lack of information suitable for planners and 
architects to determine the distribution and intensity of solar 
radiation .in urban spac~s. New, tall buildings often reduce 
the quality of their iamediate environment by intercepting 
sunlight before it reaches street level. While planners and 
the U:>cal Authority recognise the necessity to rehumanise the 
city centre and to protect spaces with human appeal, certain 
squares are under threat of being overshadowed by the 
redevelopment of old buildings on their perimeter. This study 
explores an alternative to existing methods for evaluating the 
distribution and intensity of solar radiation. Greenmarket 
Square in central Cape 'Ibwn was selected as a study area where 
radiometer readings at fifty-four points were made at one 
minute intervals from sunrise to sunset in midwinter. Several 
examples of graphical methods of depicting the readings are 
critically discussed and results of the field work are analysed 
in depth using one of the methods. An attempt is made to 
relate observations of solar radiation levels to human use of 
the Square. In addition to providing specific information 
necessary for a full understanding of the new procedures 
suggested, broadly-based background material on the subject of 
sun and shade in urban spaces is provided. 
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NOTE OF EXPLANATIW 
Recent developments in the field of electronics are replacing 
the conventional typewriter as a tool for the production of 
written documents. As a result of such developments, this 
thesis has been produced on a microprocessor with extensive 
word processing facilities. The hardware used was an Apple II 
computer with a 32 K memory update, two disk drives, a National 
14" visual display unit,and a TEC FP-1500 serial printer. The 
software program used is known as Applewriter, a text editing 
system' developed by Apple Computer Incorporated, U.S.A. The 
considerable editing capabilities of this system have 
significantly reduced the difficulties involved in the drafting 
and redrafting of the text. As certain traditional typographic 
conventions, such as underlining, are hot possible, the reader 
may occasionally find the presentation slightly unfamiliar. 
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CHAPTER ONE 
BACKGROUND TO THE STUDY 
In the centres of roodern cities, old buildings are generally 
replaced by taller structures which change the character and 
quality of the spaces around them. Ole of the ways in which 
this happens is by reducing the amount of sunshine available at 
street level. If this occurs at a time when many people enjoy 
the space for its warmth, for example, during the lunch hour in 
the winter months, the city will have lost a valuable and 
probably irreplaceable amenity. Jacobs (1962) is one of the 
few planners to have written about this phenomenon. She 
describes two hnerican examples as follows: 
" ••••• In Franklin Square, if the weather permits, a day-long 
reception holds sway. The benches at the center of the 
reception are filled, with a voluble standing overflow milling 
about. Conversational groups continually form and dissolve 
into one another. The guests behave respectfully to one 
another and are courteous to interlopers too. Almost 
imperceptibly, like the hand of a clock, this raggle-taggle 
reception creeps around the circular pool at the center of the 
square. And indeed, it is the hand of a clock, for it is 
following the sun, staying in the warmth. When the sun goes 
down the clock stops; the reception is over until tomorrow ••••• 
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Sun is part of a park's setting for people, shaded, . to be sure, 
in summer. A high building effectively cutting the sun angle 
across the south side of a park can kill off a lot of it. 
Rittenhouse Square, for all its virtues, has this misfortune. 
<xi a good O::tober afternoon, for example, almost a third of the 
square lies completely empty; the great building shadow across 
it from a new apartment house is a great eraser of human beings 
within its pall." 
In Cape Town old buildings are also being replaced by new, 
taller ones. The town planning code loosely determines the 
criteria to which a new building must conform. The code does 
not consider the changes in sun and shade conditions which a
new building will impose on its surroundings. The potential 
therefore exists for the reduction of sunshine in the streets 
and squares of Cape Town. This situation has already occurred 
in ()leen Victoria Street, where new tall buildings on the 
north-western side cast long afternoon shadows across the 
historically-important Gardens on the opposite side of the 
street. The ultimate effect will probably be similar to that 
in the American examples, driving away of the people. Such an 
effect will occur at a time when planners themselves are 
calling for various ine�sures, such as pedestrianisation of 
certain streets, to make the centre of Cape Town more 
attractive to a wider range of people. A similar point was 
.made in a seminar called "Cities for the people": •••• "it 
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(Greenmarket Square} could and should be a place of quietude in 
the city, it should be unique in the experience that it offers, 
it should be respected by the changes brought about in its 
immediate vicinity" (Gasson, 1974). 
Spaces which already have the attributes of being warm and 
protected from the wind, and which are currently used by people 
to meet, relax and enjoy an outdoor experience in an urban 
environment should be identified for planning purposes. 'Ihese 
spaces should then be re-evaluated in the town planning code in 
a way which affords them a measure of protection from the 
likelihood of being destroyed in the manner described above. 
/) 
Central cape Town has several squares and other pedestrian 
spaces which are already of less value to the human user than 
they might be. Church Square is used as a car park, as are the 
Parade, Riebeeck Square, and 'Ihibault Square. Greenmarket 
Square, at _least, has retained some appeal, derived from its 
cobbled surface, its trees, the few benches in sunny positions, 
and its historic buildin<JS. It suffers, however, from being 
overutilised by vehicular traffic. It has, in addition, 
several old, low buildings ,on its north-eastern side which 
might easily be replaced by much taller structures. As the 
north-east is the direction from which the morning sun shines, 
the Square is in potential danger of being cast. into shadow. 
en its north-west side, an hotel, the Inn on the Square, has 
Chapter Ole. Page 10 
added a new top floor. This has had the effect of lengthening 
the afternoon shadow which the building casts across the 
square, much to the Square's detriment. The benches along the 
south-eastern periphery (towards Shortmarket Street), are now 
shaded in winter approximately an hour earlier than before. 
STATF.MENT OF THE PROBLF.M 
At present, there is no recognised system available to 
planners, architects, and decisionmakers for determining solar 
radiation in relationship to urban spaces. There is also a 
need to pre...determine and evaluate the possibly harmful effects 
of tall structures on surrounding Yrban spaces. Available 
methods for assessing the amounts of solar radiation falling at 
a given point have been limited to a graphic display of dark 
and light areas on a plan (see figure 7/15). H:>urs of sunlight 
received at a point are represented, with no distinction 
between weak morning sun and warm noon sun. As a result, it 
has been impossible to determine which parts of an urban square 
will be comfortable for human activities, or which parts could 
be successfully landscaped with various species of plants and 
trees. Far greater insight into the problem would be derived 
from an empirically-based system for evaluating the amount of 
sun received at points across an urban space. Measurements can 
be made at certain times or throughout the day, and annual or 
seasonal averages can be obtained. With such information, 
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optimum use could be made of extremely valuable urban spaces, 
while simultaneously deriving maximum benefit from the effects 
of sun and shade for human users. Such an approach might go· 
part of the way towards the determination of what Jacobs (1958) 
calls 0that almost indefinable quality" of places in Baltimore, 
San Francisco and Pittsburgh, U.S.A. She states: •••• "In most 
cities there is a spot, hardly ever marked on a map, which has 
that almost indefinable quality of intimacy, comfort, and 
protection. I think of the landings on the steps leading 
southward down Washington Place south of Mount Vernon Place in 
Baltimore - sun-catchers, warm on cold days, and somewhat 
protected from the full impact of traffic noises by berms of 
earth on either side; certain benches in Union Square, san 
Francisco; and Mellon Square, Pittsburgh, which are nicely 
protected from wind currents.0 
CAUSES OF THE PROBLF..M 
A study of the literature (Chapter Four) from a number of 
different disciplines shows a·surprising lack of information 
suitable for use by planners and architects for accurately 
predetermining the effects of sun and shade on urban spaces. 
Most of the reference material is concerned with more general 
considerations of urban climate, or the specialised aspects of 
buildings and their interiors with respe.ct to the heating 
effect of the sun. Since man has been exposed to the sun and 
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has been forced to adapt to it throughout his history, it might 
be asked why this has occurred. If the sun's effects have been 
so well known and understood through the centuries that they 
have not warranted proper documentation, why is it that we now 
make errors of judgement that are causing the destruction of 
urban quality through apparent ignorance of the effects of 
excessive shade on public squares and parks? '!he answer is to 
be found partly in the examination of man's relationship to 
nature over time. An examination of man's changing attitudes 
to natural environmental factors over time (Chapter Three), 
shows that early man had to acknowledge and co-operate with the 
forces of nature. In some inhospitable areas, survival itself 
depended on effective communal action. In time, technological 
advance allowed some independence and freedom from the 
constraints imposed by natt;tre. Later still, advanced 
technological developnent encouraged complete disregard for 
natural environmental factors. '!his technology at the same 
time made possible the tall buildings which today contribute to 
the problem of sun and shade under consideration in this study. 
\ 
Another contributing factor to, the problem may be the fact that 
the available literature and methods for evaluating the effects 
of solar radiation are widely dispersed and are not in a· form 
which planners and architects may readily assimilate and apply. 
These professionals seldom seek the assistance of outside 
specialists for a number of reasons. Ole of these reasons is 
Chapter Qle. Page 13 
the difficulty of communication between professions. 
The problem might also have arisen from the essentially crude 
methods previously available for measuring the sun's intensity 
in relation to solar height and azimuth. lntil recently, there 
has been no suitable method for quantifying' the sun's intensity 
in relation to urban spaces. Neither has the amount of solar 
radiation in an external space been adequately related to the 
level of comfort experienced by the human occupant of that 
space. There are, therefore, many significant technological 
omissions which have prevented a more detailed appreciation of 
the problem of sun and shade. 
The problem is further complicated by the fact that the 
commissioning authority, that is, the person or organisation 
that employs the planner or architect , has certain objectives. 
Che of the most important objectives is usually to obtain the 
maximum economic benefit from the development of a piece·of 
' urban land, ignoring the impact on the city as a place for 
people (Speed, 1975). Considerations of surrounding urban 
quality are usually low on the list of priorities because 
maximum utilisation generally requires the development of a 
site with .as much usable floor area as is allowed by 
regulations. This means that a taller building than the 
existing one will invariably be required in order to achieve 
full beneficial development. Considerations of urban quality 
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which necessitate the reduction of that height imply a less 
beneficial development, and would therefore be unacceptable, as 
current business trends demand the maximisation of profits. 
AIMS OF THE STUDY 
This study will explore an alternative to existing methods for 
evaluating the distribution of sun and shade in urban spaces. 
Since the method is intended to be adopted by a wide range of 
users, it is necessary for it to be presented in fairly 
straightforward terms. In addition to providing the specific 
information necessary for a full understanding of the new 
procedures suggested, this study aims to provide broadly-based 
background material on the subject of sun and shade in urban 
spaces. This material has been drawn from widely-dispersed 
sources for use by architects, planners, and decisionmakers 
working in the urban context. 
In relating the proposals to a specific urban site in cape 
Town, it is hoped that public and official interest might be 
sufficiently aroused to prevent a local re-occurrence of the 
J\merican experience in which Franklin Square was overshadowed 
and thereby lost its human appeal. To this end, an attempt 
will be made to relate observations on solar radiation levels 
to human use of Greenmarket Square. 
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BACKGROUND MATERIAL 
Background material describes in historical perspective some of 
the reasons for our present-day attitudes to natural 
environmental factors such as sun and shade. Recent official 
statements on the situation in cape 'Ibwn are included. 
A review of the literature reveals that the subject of sun and 
shade has been neglected, in that very few references were 
found which further the understanding of sun and shade in the 
urban situation. Nevertheless, many authors, including Sert 
(1944), Jacobs (1962), Thomas (1971), and Knowles (1974), 
recognise the need to design buildings and the spaces around 
them to achieve maximum benefit from the available sunshine. 
The section on theoretical considerations of sun and shade 
(Chapter Five) covers topics such as solar radiation, urban 
climate, the implications of urban geometry, the methods 
currently available for making observations of the sun as well 
as periodicity, aesthetics, and the built environment. 
FIELD MEASUREMENTS 
The practical fieldwork undertaken in Greenmarket Square in 
central Cape 'Ibwn provides numerical values of solar radiation 
received at 54 points along 6 traverse lines in the Square. 
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These values are plotted to give graphical representations of 
solar radiation, superimp:>sed on three-quarter views of the 
surface of the Square from a p:>int above the southern corner. 
The drawings show the buildings on the north-east and 
north-west boundaries of the Square, as it is these buildings 
that cause the shadows falling acrosss the Square in winter. 
Shadows are shown in the customary way on another drawing 
(figure 7/15) for comparison with the new method of analysis. 
(The new method shows far greater detail than was available 
previously, and would be of use to planners in enabling them to 
accurately determine areas suitable,.for instance, for outdoor 
restaurants or various forms of landscaping). A discussion of 
results is followed by conclusions and reconmendations. These 
highlight ways in which the method might be applied to cape 
Town by plamers, architects, and decisionmakers. 
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CHAPTER 'lWO 
CHOICE OF SITE AND SITE DESCRIPTION 
WHY AN URBAN SWDY AREA? 
Natural environmental elements tend to predominate everywhere 
except in the city. In the city, the artificial built 
environment is dominant, often excluding natural factors almost 
entirely. Large economic incentives tend to mitigate against 
the serious consideration of natural environmental factors in 
urban development. Economic incentives justjfy to developers 
the creation of tall buildings in place of old, smaller ones to 
ensure a maximum return on investment (Speed, 1975). At the 
present time, there are no building regulations which cover in 
any detail the rights and obligations of a property owner with 
respect to his immediate neighbour. In addition, there is no 
incentive for the building owner to provide comfort or s�elter 
for the public passing through and around his building. As a 
consequence, there is a tendency for the property owner to 
acquire as much of the view, or light and air, as possible, 
/ 
often to the detriment of his neighbour. 
An example of this may be seen in Cape 'Ibwn, in Adderley 
Street, where a new tower block is turned at 45 degrees to the 
street grid. Here, the mirror glass of the tower's windows 
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reflects the sunshine and heat onto the neighbouring 
unprotected windows in the afternoon, while in the morning the 
tower casts a shadow across the same neighbouring building. 
Such effects are partly caused by failure to see the building 
in its broader urban context in the early stages of planning. 
'lbe argument that the neighbour could have bought the adjacent 
piece of land to protect his initial investment, and that by 
not doing so exposed himself to risk, serves to illustrate a 
weakness in the legal provisions. 
When the property under threat is not privately-owned, but is 
instead a public space such as a square, corrective measures 
are difficult to implement. Funds are generally not available 
to concerned public bodies to buy expensive properties or to 
use the appropriate legal channels to prevent potentially 
damaging development. In cases such as these, it �uld appear 
that the Local Authority, as the owner of urban parks and 
squares, should protect the rights of the members of the public 
who use these spaces by becoming aware of all the implications 
of central city development. It �uld be realistic to achieve 
such protection in Cai;:,e Town in terms of.the City Council's own 
town planning scheme, in which "protection of those things 
which contribute to the city's unique character .. (f.brris, 1974) 
· is implied, as well as in terms of the internationally -
recognised 'ecological movement' in planning. In the
meantime, p:>tential problem areas in the city need to be
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identified and suitable baseline measurements made, such as 
those carried out in this study, prior to further more detailed 
research. 
STREET OR SQUARE? 
The streets and pavements of central Cape 'Ibwn are generally 
narrow and fully conmitted to the needs of heavy traffic and 
pedestrian flows at many times of the day. 'lhey are set out on 
a strictly rectangular grid pattern, where the street 
intersections are significant both to cognitive mapping and to 
the regulation of traffic and pedestrians who would come into 
conflict at this point without strict control. 
01 the pavements, the pedestrian is part of a moving queue. 
Human proximity is accepted, and bumping and jostling results 
from the large n�nbers of people using a relatively narrow 
corridor. Discomfort is increased by the tendency of 
individual building owners to neglect the provision of shelter 
over the pavements from wind, rain, and s�er sun. With few 
exceptions, streets are fully utilised and cannot accommodate 
trees and planting. 
"The squares of Cape 'Ibwn are ideally suited for developnent as 
places for human relaxation, yet they are presently used as car 
parks" (Speed, 1975). 'lhey do, however, offer the pedestrian 
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an opportunity to step out of the mainstream of pedestrian 
flows. In the case of Greenmarket Square, there is also the 
option of taking diagonal routes, which is unusual in a 
rectangular grid layout of streets. 
In the squares there is place for trees to be planted. In 
addition, surfaces can be varied to make the spaces more 
interesting, as has been done in Greenmarket Square, since 
usage by traffic, although heavy, is not of paramount 
importance. 'lbe cobbles in Greenmarket Square, recently 
introduced, are in keeping with the historical buildings, and 
distinguish the surface from that of the adjacent roads. 
Traffic noise is less intense in the squares than in the 
streets, partly because users are able to put some distance 
between themselves and the moving cars, which is not possible 
on most pavements. Further, the traffic on the square has to 
regulate itself to some degree as a result of the mixed u_sage, 
which does not occur on the streets. 
Both streets and squares are potentially at risk from the sorts 
of development forces discussed in a previous section. 'lhe 
decision to locate the practical aspects of this study in an 
urban square, rather than a street, is based on the following 
considerations: 
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In order to study the effects of sun and shade related to 
buildings on both the NE/SW ·and N�/SE orientated streets, two 
separate streets at right angles to each other would have had , 
to be studied. This would reduce the possibility of important 
interactions of the sun on the buildings along the two streets 
being observed. This problem was overcome in studying a 
square, where a single space. is subjected to the effects of the 
sun on all the buildings around its periphery. While a square 
has been chosen instead of a street for the above reason, the 
techniques for the measurement of solar radiation can be 
applied to the planning of all external urban spaces, including 
streets and squares. 
As the streets in central Cape 'Ibwn are relatively narrow, the 
adverse effects of a new, tall building, whether from shading 
or the reflection of sunlight, would be felt as much at the 
adjacent street level, as on. the buildings opposite. As the 
intention is to consider the space used on a voluntary basis by 
the public, as opposed to the inhabitants of buildings, a 
square was seen as more suitable for the study. 
The study attempts to show how areas suitable for landscaping 
or for certain specialised human activities, may be more 
accurately selected in terms of solar radiation received than 
at present. Since the potential for landscaping a street or 
developing it for specialised human activities is less than in 
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a square, the latter is more appropriate as a study area. 
CHOICE OF SQUARE 
The seminar, 'Cities for People', held in Cape Town in 1975, 
discussed the City Council's report on the pedestrianisation of 
parts of the city. That· there.was a great need for such a move 
in order to improve the human environment of the city, was 
established by speakers such as Prinsloo, Speed and Gasson 
(South African Institute of 'lbwn and Regional Planners, 1975). 
Squares singled out by the report for attention under the 
heading, 'Squares for the people', included Greenmarket Square, 
Church Square, and Riebeeck Square-. Plans depicting pedestrian 
flows through·the city showed that Greenmarket Square forms 
part of the area exposed to intense pedestrian movement, while 
Riebeeck and Church Squares are not used for this purpose to 
any large degree. In fact the scheme, through measures such as 
the closure of sections of Church Street, and restriction of 
traffic movement at certain times, attempts to increase the 
usefulness of Church Squ.:ire to th� pedestrian. 
fin choosing the study area, it was necessary to establish 
whether the square under consideration had buildings on its 
north-west and north-east boundaries which were likely to be 
redeveloped and intercept the sunshine to the square. · Since 
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Church Square is bounded on its north-west side by an 
historical building, the Groote Kerk, the Square does not 
appear in imminent danger of being overshadowed from this 
quarter. en the other hand, Greenmarket Square has low 
buildings on its north-east boundary. en its north-western 
side the Inn on the Square, previously Shell 1-k>use, has 
recently had a new floor of accommodation added which has 
increased the length of the afternoon shadow across the square. 
Greenmarket Square, as an external urban space for the people, 
therefore seems to be under threat from these quarters. 
In addition, two buildings of historical importance, the Old 
Town House and the Metropolitan Methodist Church, are situated 
on the south-western side of Greenmarket Square. Being central 
to the business district, the Square is used by a great variety 
of people and serves many functions. 
All these reasons taken in combination have led to the choice 
of Greenmarket Square as the study area. It must be noted, 
however, that while the methods used for this study can be
applied elsewhere, the measurements of solar radiation are 
site-specific and cannot be extrapolated to other squares. 
DESCRIPTI ON OF GREENMAHKET SQUARE 
Greenmarket Square is bounded on the northeast and south\\fest by 
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Shortmarket and LDngmarket Streets respectively, and is 
bisected perpendicularly by Burg Street. This part of Cape 
Town is laid out on a fairly strict grid of streets, forming 
rectangular blocks of buildings. The Square is formed by two 
adjacent half-blocks, as opposed to·one single block, due to 
the unfortunate bisection by Burg Street. 
HUMAN USAGE OF THE SQUARE DURING WINTER 
Before sunrise the newspaper publishers in upper Burg Street 
are active, their lorries being loaded with bundles of 
newspapers. Street lights and advertising signs illuminate the 
�uare. The street lights are extinguished block by block as 
the sun rises, while the advertising signs are switched off 
individually. The sun does not bring irrmediate relief. from the 
pre-dawn cold, as the buildings cast long shadows, and the 
streets remain cold for several hours, a 'cold island' effect. 
I:Ewn is observed overhead by a lightening and colouring of the 
sky, rather than by the appearance of the sun itself. 
8e(�.,11se of its size, the Square receive:, sunshine before the 
narrower streets. With th,� s1J1 shine come the vagrants from 
nearby doorways, derelict buildings and parking areas. Between 
eight o'clock and nine o'clock, �destrians on their way to 
work enter the Square at the eastern corner from Shortmarket 
Street. They fan out across the Square diagonally to Burg and 
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Longmarket Streets. vehicular traffic is busiest from 08h20 to 
09h00 with the available parking around the Square soon 
occupied. After nine o'clock, the pedestr�an activity 
decreases sharply. Elderly people tend to visit the city after 
the morning rush of workers, and move about at a leisurely 
pace. 'Ihe tranquility is shattered periodically by messengers 
on delivery motorcycles. 
At twelve o'clock, signalled by the noonday gun, the Square 
begins to attract lunchtime shoppers and office workers 
enjoying the pale winter sunlight. With the exception of the 
Longmarket Street side, trees line the streets which border and 
bisect the square. Benches are placed under these lines of 
trees, and receive sunlight and warmth from the low winter sun 
as it moves around the Square. The cobbles underfoot are 
. barely warm, and are cooler than th� tar roads nearby. The 
trees, befog evergreen, tend to shade much of the square, but 
introduce an attractive, natural element to an otherwise stark 
scene. 
The volume of pedestrians drops abruptly to its pre-noon state 
at two o'clock as pt�ople return to work in surrounding shops 
and office buildings. Beggars and layabouts re-establish 
themselves on the benches to the south-east which are now 
receiving sunlight. Pedestrian traffic increases again after 
16h30, when workers stream across the Square towards the 
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railway station, converging onto Shortmarket Street, which 
funnels through into St. George's Street. 
The temperature drops quickly as the sun sets, and the wind 
blows in gusts and eddies about the Square. The homeless ones 
move off as if some internal bodily signal has registered the 
limit to which they are prepared to perservere, and because the 
people from whom they beg have left the Square. Within a few 
minutes the Square is deserted, with advertising signs lighting 
up and steetlights flickering on. Some shop windows are 
illuminated and others remain dark. The difference between day 
and night usage of the Square suggests that human presence is 
determined partially by sunlight and the associated solar 
radiation levels. 
CONTROLS ON LAND USE AROUND 'rnE SQUARE 
Management of the Squ,::ire rests on various branches of the City 
Engineer's D:partment. The surface of the Square and rights to 
the space above it belong to the city, but the enveloping 
fabric, which defim:s the physical extent of the place, and 
determines its chr1ract,�r to a large degree, is made up of 
individual peripheral buildings under private ownership. For 
completeness, details of locality, size, shape, and ownership 
of the indivual properties are included in the Appendix, as the 
owners of these properties in reality control the future 
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character of the Square. 
The City's control on the size and shape of the peripheral 
buildings is exercised through the zoning regulations. 'Ihese 
restrictions may be Slll!marised as follows: 
'!here is a bulk factor of nine. 'Ibis means that the floor area 
of a building may be nine times the site area. 'Ihus a 
nine-storey building which covers the whole site, or an 
eighteen-storey building covering half the site, and other 
possible variations (such as full cover for three storeys, then 
reduced cover in the form of a tower), might be permitted. 
However, in addition to bulk factors there are set-back 
regulations. If the street is less than 12,5 metres wide, the 
maximum permitted height on the street boundary is 25 metres. 
Where the street is between 12,5 and 18 metres wide, the 
maximum building height is twice the width of the strP.et. As 
the streets forming Greenmarket Square do not appear to be 
de,�arcated in width, some negotiations with respect to 
permitted maximum bui ldin<J height on these streets can lx� 
anticipated between the owners and the City Council. N:::,ove the 
maximum building height allowed on the street boundary, the 
building must set back one metre for every two metres of 
height, with a maximum height of sixty metres. This results in 
a stepped building, which is both difficult and expensive to 
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therefore to build a tower where the maximum height �uld be 
one hundred metres. In practice, this maximum height is open 
to negotiation, with a 120 metre tower being recently approved 
on a nearby block. 
Justification for the choice of Greenmarket Square as a study 
area is strong, in view of the call from urban planners for an 
improvement in the attractiveness of the external urban 
environment of Cape 'Ibwn by pedestrianisation, rehumanisation, 
and protection of unique characteristics. It is against the 
background provided above that the chosen methodology was 
applied. 
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CHAPTER THREE 
MAN'S CHAfliIN::; A'CTITUDES 'l'OdARDS THE FORCES OF NATURE 
A study of the �elationship of man, the builder, to the natural 
environment, reveals that some of the causes of inhospitable 
urban conditions can be traced to a denial of the importance of 
natural environmental factors in- planning. 'Ihis trend 
developed during the Industrial Revolution and has persisted to 
the present time. Urban man's changing attitudes to natural 
phenomena are documented chronologically in this chapter, and 
it becomes apparent that the 'ecological' movement gaining 
prominence in planning is leading logically towards a 
multi-discipl!nary approach. 'Ihis approach recognises the 
interrelationship of many factors, both naturally-occurring and 
man-induced, as well as the need to measure and monitor these 
in a way which aids the planning process. 
Early man saw the natural environment as a threat, and 
responded by attempting to subdue it. Banz {1970) observes: 
"One recurrent theme of all history is man's assumption of 
control over his natural environment. Cnly when nature was 
extremely hostile, as in the tropics, the deserts, or the 
Arctic, has eventual human control ever been in doubt. If the 
basic outcome of man's fight for survival varied little, there 
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were, however, great differences in the forms human control 
over nature took with different peoples in different regions of 
the globe, and at different times in history." 
The need for communal action was a common factor in man's 
attempt to adapt existing systems to suit his changing 
requirements. This need for combined human effort was 
recognised by Aristotle, who said: "Men come together in the 
city for security and they stay together for the good lif�" 
Jl?luin�nfeld, 1979). · In the cultivation of food, for example, a 
measure o-f communal co-operation towards environmental·control 
was essential. It was simultaneously necessary to understand 
and work with those factors which were not subject to 
manipulation, such as seasonal changes. 
"Nature thre�tening the early city was untamed. The weapons 
with which the individual could fight back were entirely 
inadequate even though man had mastered fire by this time and 
had learned to domesticate animals and plants. But mastery 
over nature could only be achieved through communal effort, and 
the early city was a primitive tool to control the natural 
environment." (Banz, 1970). 
The 0:3yptians recognised the sun as source of energy, light and 
dark, heat and cold, and of the seasons and cycles which these 
in turn generate. Major development was restricted to the 
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banks of the Nile, a reliable source of fresh water, where 
trees offered some relief from the heat of the sun. Life in 
the surrounding desert was perilous, and unrewarding, despite 
adaptations of dress, transportation, and lifestyle to suit the 
environmental extremes encountered by day and at night. 
Gallion's statement, "Society has been forged in the crucible 
of natural forces" (1975),·is particularly true of the F.qyptian 
response to the natural environment. 
Medieval man appears to have tried to live in harmony with 
nature, understanding the effect but not the cause of 
environmental pressures. It was the lack of a simple 
explanation for natural events which caused these to be seen as 
ontens. The natural surroundings gave rise to a superstitious 
response, and threatened evil consequences if opposed. Cities 
which developed at this time, ·and which have escaped modern 
redevelopment programmes, retain vestiges of the small town 
scale, unspoilt by long-term planning concepts. 
Renaissance man, in attempting to understand both cause and 
effect, applied himself to a closer interpretation of natural 
systems in the broadest sense. A reawakening intellect 
acquired new knowledge and abilities, which enabled it to 
confront natural forces, and to attempt to harness them for its 
own ends. Explorers expanded the physical boundaries of the 
known world, bringing back hitherto unknown birds and animals, 
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as well as spices, herbs, and other plants. The Renaissance 
influence on cities was typified by formal urban parks, ponds 
and fountains, and the rudiments of landscaping linking 
buildings to their surroundings with geometric patterns. 
The Industrial Revolution was the culmination of a period of 
environmental _shortcomings, supplemented by primarily 
mechanical corrective measures. The attraction of being 
independent of nature, erroneously seen as the advantage of 
technology, is understandable in view of the fact that not long 
before, the forces of nature had been seen as omnipotent. 
Under these new circumstances, the resilience of natural 
systems was overestimated, while the impact of technology was 
of far greater scope and complexity than previously 
anticipated. The steel manufacturing process in England, for 
example, required timber for making charcoal. Forests were cut 
at a faster rate than they could be replaced, resulting in the 
loss of major wooded areas. Fumes were discharged into the 
atmosphere faster than the natural processes could disperse 
them, while mining activities created blighted landscapes and 
unhealthy living conditions. When the full fX)tential of mass 
transportation systems was recognised by industrial man, he 
installed facilities with disregard for the existing urban 
character. Blumenfeld {1967) observes: "The rails were 
located in the street and the terminals in the squares, and the 
yards were established wherever they could insert themselves 
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into the growing urban tissue". 
The impact of technology on the city at the beginning of the 
twentieth century was increased considerably by the 
implementation of a new theoretical approach in the mechanical 
and electrical engineering fields. Elevators were introduced, 
which made high-rise construction acceptable, and brought about 
an increase in urban population densities. Electricity, being 
clean and convenient, soon replaced gas, oil and solid fuels 
for heating and lighting. 'Ihe artificial environment had been 
made possible. 
"At first these new technologies were applied to the lighting 
and heating of buildings as we then had them but it soon became 
apparent that, simply because it was now possible to provide an 
artificial environment, there was no longer any reason why 
buildings should not undergo a radical change. If we could 
light artifically, then why have windows; they are major 
sources of heat loss and draughts, they let in the traffic 
noise and if they are no longer providing the working light, 
then their only function is to provide a view and this is not 
really necessary. Cnce rid of the windows, buildings need no 
longer be limited in depth, spine corridors are no longer 
necessary, rooms can be shaped and sized to their operational 
function, rather than by the need for daylight penetration. 
Industrial processes need no longer be restricted to single 
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storey buildings in order that the roqf might be glazed. So 
the arguments ran, and to the service engineer and the property 
developer they were very attractive •••••• Curiously enough, this 
period of technological development in the artificial 
environment, the 1950's, was also the great period for the 
development of·daylighting technology" (Hopkinson, 1970). 
'Ihe effects of electrical lighting on the city as a whole were 
far-reaching. Where comnunal life in the streets and squares 
had previously only been feasible during dayl1ght hours, with 
the advent of street lighting, areas of cities remained viable 
well into the night. 'Ihe tempo of urban life was again changed 
radically by improved technology when radio, television, and 
telephone communications allowed people to exchange ideas and 
become informed without personal contact. 
After the first World War, which again effectively demonstrated 
the destructive power of modern technology, .an ecological 
approach was directed towards social and spatial 
problem-solving. Berry (1977) sees as a benchmark of this 
movement a paper published by Park in 1916 entitled, "'Ihe city: 
suggestions for the investigation of human behaviour in an 
urban environment". Subsequent literature placed the 
ecologicai approach in the mainstream of sociological research. 
'!he movement developed by Park was shortlived, however, and by 
1950 was no longer recognised as appropriate. 
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In 1950, Hawley reformulated an ecological approach with �is 
work, Human ecology: a theory of community structure, thereby 
initiating its revival over the last thirty years. Willhelm 
(1962) sees the urban predicament in broadly-structured 
concepts, logically linking land-use theories and zoning 
practices, and recognises these interrelationships as being 
"ecological" in nature. He advocates the inclusion of social 
values as essential components of ecological thought, trying to 
formulate a systematic, holistic viewpoint. The formulation of 
this viewpoint in practice has defied theorists to the present 
time. 
" •••• the planners and theorists who endeavour to design our 
cities of tomorrow proceed without an adequate understanding of 
the manner in which man relates to his environment." (Willhelm, 
1962). 
The need for a more ecologically-oriented approach to urban 
planning is recognised by other writers,·such as Banz (1970), 
Milgram(l971), and Clawson (1973). The following statement by 
rubos (1968) is representative of this recognition: '"Ihe view 
that man must learn to collaborate with natural forces instead 
of conquering them must appear unrealistically romantic and, in 
any case, incompatible with the aggressive genius of Western 
civilization. Yet there are reasons to believe that it is the 
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crude philosophy of the conquest of nature that is unrealistic 
and will soon prove antiquated as well". 
Perloff (1971) sees the need for ecologically-orientated 
planning as being met by education, advocating the teaching of 
environmental design to young people. He states: "'ffle 
education of architects and planners is, with few exceptions, 
extraordinarily limited. Conspicuously absent from their 
curricula are the social sciences and humanities, to say 
nothing of ecology. Training in even rudimentary research 
procedures is rare ••• I can think of nothing more important than 
teaching young people about environmental design, using data 
from such disciplines as ecology, psychology, and 
anthropology. 11 
In South Africa, the ecological movement is recognised by 
�rris {1974 A): "We have entered the F.cological Era". He 
points out a noticeable shift in middle and upper class values 
towards new areas of social concern, including environmental 
issues. 
Certain trends emerge when the relationship between man and the 
natural environment is seen in historical perspective. '!he 
'• 
state of technology at the time largely determines the extent 
to which planners need to recognise and implement the effects 
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of natural phenomena as design criteria in the planning 
process. Appropriate planning solutions for contemporary 
problems require a detailed study of environmental conditions, 
amongst many other design criteria, in far greater detail than 
before. 
O:pendence on technology alone has resulted in urban and 
environmental degradation. In a new spirit of co-operation 
with natural forces, and using the technology available for 
underst�nding and measuring the operation of tfiose forces, 
increased quality of the urban condition may be achieved. 'Ibis 
pilot study is an attempt to implement the new approach by 
using modern equipnent Lo measure and depict the effects of an 
environmental factor on an urban square in detail, and by 
relating the data so obtained to the human usage of the study 
area. In this way a deeper insight of environmental factors in 
urban spaces may be achieved, as well as an understanding of 
the interaction of those factors with the human occupant. 
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CHAPTER FOUR 
DESIGN CRITERIA, ZONI�, AND CONTRASTING APPROACHES TO SUN AND 
SHADE 
During the past twenty years, with a growing interest in urban 
ecology, the need has been expressed for man to collaborate 
with nature, to teach young people about environmental design, 
and to utilise science for achieving an equilibrium with 
nature.· In the light of these developments, one �uld expect 
to find a wide range of material on this subject in the 
literature, but this is not the case. Technological advances, 
which have allowed man to act independently of natural factors, 
have simultaneously provided the instrumentation and 
expertmental techniques which could have been used for a closer ./ 
understanding of those natural factors. It is paradoxical, 
therefore, that a search through planning and architectural 
literature for recent �rk on the sun, the driving force of all 
natural systems, reveals a lack of good, empirical data. While 
reasons for this are suggested, relevant material has had to be 
drawn from many widely-scattered sources in order to consider 
design criteria, and the regulation of land use through zoning, 
as they relate to the planning of urban spaces. 
The material available on environmental factors'as design 
criteria is superficial to the point of giving the impression 
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that man might do without the sun altogether and survive. 
Considerations of land use and zoning ix>licy with respect to 
the exposure of buildings to sunlight, tend to be handled 
cautiously. 'Ibis reflects a conservative approach on the part 
of local authorities who have formulated the policy. 
'lbe balance of the relevant literature consists of heartfelt, 
intuitive reference to sunshine, with little constructive 
argument or supporting scientific observations. 'Ibis criticism 
can be applied to the writings of Jacobs (1962), Banz (1970), 
.and Alexander (1977). Q1 the other hand, Knowles (1974), and 
'Ibomas (1971}, attempt to advance our knowledge of the 
interaction between buildings and the sun in a scientific way, 
but overlook some crucial aspects, making their work limited in 
its practical application. 
ENVIRONMENTAL FACTORS AS D_ESIGN CRITERIA 
The problem facing roost designers, including architect$ and 
planners, is that of identifying and satisfying an appropriate 
set of design criteria or determinants. A range of solutions 
which-satisfy the prime objectives of the corrmissioning 
authority is generally easily achieved, as is fulfilment of the 
designer's personal standards. 'lb decide finally on the 
optimum solution, it is necessary to subject the range of 
alternatives to a proces:=; of evaluation according to a set of 
predetermined criteria which have been agreed upon early 1n the 
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design process by the designer.and his client. 'Ibese criteria 
tend to reflect the social, economic and political attitudes 
prevalent at the time. 'Ibe socio-political-economic 
prerequisites and constraints are further complicated by local 
land use and zoning regulations and by building restrictions 
generally. 
Environmental factors such as sun and shade have been included 
amongst design criteria considerations, but not on a scientific 
basis. In proposing design criteria for the pedestrianisation 
of certain areas of central Cape 1bwn, Prinsloo (1975) 
recognises the importance of natural environmental factors: 
a • • • • adequate shelter from sun,_ rain and wind are essential to 
•••• successful humanization." 
While this statement incorporates natural factors in principle, 
the implementation of the principle is not covered in practical 
detail in the literature. The problem is compounded by the 
fact that the attitudes of society towards considerations of 
sun and shade in urban spaces have not been investigated. 
A notable attempt to come to terms with the problem is the work 
of Barac (1974), using the 'step-down' principle to focus from 
the �eneral level to the particular. The results of his survey 
in Cape Town identify twenty criteria regarded as the most 
significant, of which hours of sunlight is only one. �rloff 
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(1971) proposes seven items for inclusion in the •environmental 
rubric for metropolitan areas•. Sunlight is one of the seven, 
the others being airshed, watershed, open space, 
quiet-and-noise zones, olfactory zones, and micro-climate. 
Unfortunately, he does not reognise the importance of the sun 
to the spaces around buildings, only to the buildings 
themselves. 
In reading through the literature, the impression is gained 
that each author is confronting the problem afresh, and 
therefore not penetrating the topic as thoroughly as would be
achieved by building upon an existing body of work. 
ZONIN3 CONTROLS ON BUILDIN3 HEIGHT 
With few exceptions, today's local authorities apply zoning 
regulations to properties. These regulations, amongst other 
functions, determine the use to which buildings can be put, and 
restrict the shape and size of the building envelope to allow 
sunli�ht to penetrate to streets and adjacent buildings. The 
concept has its ori<Jin:; in the ruylight Code, developed in 
London at the beginning of this century. The Code protects the 
rights of existing properties against new, larger structures 
which could potentially reduce the amount of light available to 
existing windows. Since the Daylight Code is concerned 
• primarily with light penetration into buildings, as opposed to
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public urban spaces, it will not be considered in great detail,  
although it has largely determined the L:>ndon skyline and been 
�adapted by other cities as the basis of their own zoning codes 
(Hopkinson,1970). 
Blumenfeld (1979), in tracing some of .the earlier influences on 
today's zoning practices, observes that: •••• "ancient Greek and 
Chinese city plaMing was far ahead of contemporary practice in 
paying attention to sunshine, wind, and humidity in the 
selection of sites•. 
Writing before the advantages and disadvantages of land use 
planning and control through zoning had been generally 
appreciated, Sert (1944} observes the paradox in all modern 
city development. He then offers his solution to the problem, 
based on increasing space around buildings as they increase in 
height: 
"The haphazard growth of cities has given place to the 
following paradox: 'Ihe height of buildin<JS is as a general 
rule greater near the central areas, where the streets are 
narrower and traffic congestion and the nuisances resulting 
from overcrowding are greater • •••• If a city is to be designed 
that will take into consideration the elementary requirements 
of good livin�, a relationphip must be established between the 
height of buildings (dwellings or others) and their spacing. 
Chapter Four. Page 48 
The higher the buildings, the greater the space required 
between them. This statement can be taken as a general 
principle, though spacing will vary according to the functions 
of the buildings themselves and according to the climatological 
characteristics of the city in which they are built. Sunshine\
and orientation problems, in general, are more important in 
residential areas than in business districts. 'Ihe requirements 
of community services, recreation, and parking also vary, but 
good lighting conditions, oJ:)en spaces, and parking areas are 
necessary no matter where. High structures for residential 
purposes should be permitted only if open spaces around these 
builqings are secured so as to guarantee good lighting and 
view, sufficient exposure to the sun, ventilation, and 
isolation, together with the necessary open spaces that 
community services require." 
Zoniryg has. become a widely-used urban management tooL It is 
an interfac.e between the local authority, the official 
representatives of a city, and the private sector. At this 
interface, major issues of importance to the entirn (�ity 
develop and come under review from'time to time as the city 
grows and changes. As the re-zoning of land involves a change V 
in the monetary value of land, it is handled with care and 
circumspection by ooth local authority and individual land 
owner. 
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In certain parts of Cape Town, the zoning regulations have been 
particular'ly restrictive, to the detriment of an area. An 
example is the Foreshore, where limitations t� the permissible 
shapes of buildings have resulted in conformity. Floyd (1968) 
records an additional requirement which is unusual in zoning 
conditions, an obligation to build up to a certain 
predetermined height: "This, coupled with regulations 
governing daylight admission, inevitably results in a building 
consisting of double-banked accommodation distributed around a 
light well. 'Any other form of building is virtually 
precluded." 
Zoning determines the shape and size of buildings such as those 
which form Gceenmarket Square and other urban spaces in the 
centre of Cape Town. 'Any change in zoning limitations would 
bring about changes in the shape and size of the surrot1nding 
buildings, and consequently in the character and geometry of 
the Squ�re. For example, if height restrictions were relaxed, 
the buildings \oK>Uld respond to market pressures, requiring 
maximum utilisation of valuable land, and could rise to a 
height that �uld transtorm the Square into a light well. 
Conversely, the character of the Square could be protected by 
the proclamation of the new Inn on the Square hotel as a 
·National·Monument. 'ftlis proclamation precludes any further
additions to the height of the building, and consequent effects
on the Square.
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In interpreting the influence of zoning on the heights of 
buildings in the central business district of Cape 'Ibwn, 03vies 
(1965) applies both the disciplines of geography and planning. 
He also argues for an interdisciplinary approach to central 
area problems. In the present project, it has been necessary 
to extend the search for relevant material far beyond the 
boundaries of any one discipline in order to develop the 
theoretical background on which the study is based. 
CONTRASTIN:; APPROA.CHES TO THE STUDY OF SUN AND SHADE 
The importance of sun and shade in urban spaces has been 
recognised intuitively by a few writers, amongst them Alexander 
et. al. (1977): 
"People use open space if it is sunny, and do not use it.if it 
isn't, in all but desert climates •••• This is perhaps the most 
important single fact about a buildfng. · If the building is 
placed ri,3ht, the building and its gardens will be happy places 
full of activity and laughter. If it is done wrong, then all 
the attention in the world, and the most beautiful details, 
will not prevent it from being a silent gloomy place. 
Thousands of acres of open space in every city are wasted 
because they are nort� of buildings and never get the sun. 
This is true for public buildings, and it is true for private 
houses. The recently bµilt Bank of Jlmerica building in san 
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Francisco, a giant building buil� by a major firm of 
architects, has its plaza on the north side. At lunchtime, the 
plaza is empty, and the people eat their sandwiches in the 
street, on the south side where the s1Jn is •••• People are by 
nature phototropic, they move toward light, and, when 
stationary, they orient themselves toward the light." 
Two writers have appreciated the shortcomings of the intuitive 
response, and have attempted to introduce a more reasoned, 
scientific approach to the problem. Thomas (1971) relates 
non-finite realities such as time and movement to solar 
radiation to aid the design of buildings and their 
surroundings. He suggests a technical procedure, with methods 
and media suited to its practice. He falls short of advancing 
known methodology by failing to see the weakness in the 
approach • .  This weakness derives from the fact that he relies 
on line-of-sight, or more precisely, on geometric projections 
representing solar radiation. Such projections, at best, give 
only a crude indication of the sun's movement and intensity. 
He provides a simple planning aid which does not lend itself to 
refinement. 
Knowles (1974), on the other hand, attempted to "improve the 
quality of the urban environment by designing buildings that 
offered clues to orientation". His \\Qrk is concerned with 
energy conservation through design, its scope being the form of 
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our built environment. The emphasis is therefore on the shape 
and structure of buildings under stress of multiple cyclic 
forces in·nature. His study of solar radiation, for example, 
uses a natural setting, and considers the effects of solar 
radiation on ambient air temperatures, incident energy, 
geology, precipitation, surface water, ground water, 
topography, and winds, together with the composite effects. A 
detailed study of the sun's movements is used to generate 
•surfaces• which could represent facets of buildings, and the
seasonal implications on these are thoroughly documented. 
While advancing the understanding of the effects of insolation 
on a building, and the resultant forms that.a buiding can take 
if it is to achieve maximum utility, the study is severely 
limited in i_ts application to external spaces. 
As has been shown, there is a shortage of empirical data 
relating to the problem of ·sun and shade in urban spaces that 
would be of use to planners, decisionmakers and architects. 
There are several possible reasons for this shortage. In the 
first place, man has been subject to the effects of sun and 
shade for so long that a modern viewpoint has never been 
adopted in planning (Thomas, 1971). Further, while the 
technological means h,_ts be(�n available for some time, the same 
technology has allowed disregard for the natural environment. 
There was, therefore; no necessity to further understanding of 
natural factors by e�pirical measurement. There is also no
Chapter Four. Page 53 
economic incentive to encourage research in this field. 
Although there is a shortage of empirical data derived from 
architects or planners , a study of the literature from a wide 
variety of other disciplines has provided the theoretical basis 
for a pilot study on a more practical level. 
j 
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CHAPTER FIVE 
THEORETICAL CONSIDERATIONS OF SUN AND SHADE 
'!'here is sufficient material in the literature to be able to 
present a thorough description of solar radiation in general, 
and its relationship to urban climates in particular. Works on 
the design of tropical architecture deal at length with the 
problems of shading buildings, ventilating them to prevent heat 
accumulation, and of human physiological response to thermal 
stress. Another viewpoint considers the sun as a source of 
energy for the hea�ing of buildings in cool climates. The most 
objective information is to be found in works on applied 
climatology where the urban climate is treated as a laboratory 
in which the effects of man's activities can be monitored. The 
extent to.which this information has been studied by planners 
and architects is impossible to determine. 'Ihe previous 
chapters have shown, however, that despite the need for a 
greater understanding of natural phenomena in planning, the 
question of sun and shade has hardly been considered. A 
contributing factor might be an unwillingness to cross 
professional boundaries, professional insularity, or denial of 
- the growin9 need for inter-disciplinary action in planning.
Another factor might be the roore practical one of language,
where information is available but not in a form which is
readily assimilated from one discipline to another. 'Ihis
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chapter attempts to set out theoretical considerations of sun 
and shade as backgrqund material to the practical work which 
follows. As this material has been assembled from several 
different fields, it could also provide a useful source of 
reference for further study of sun and shade. 
SOU\R RADIATION 
The earth receives almost all its energy from the sun in the 
form of radiation. 'Ille total radiation reaching the upper 
surface of the atmosphere is known as the solar constant, being 
1395 watts/square metre. 'Ille spectrum of solar radiation 
extends from 290 to 2300 nanometres, visible light falling in 
the range 380 to 700 nm.(Koenigsberger, 1973). 
The amount of radiation which falls at a point on the earth's 
surface is determined by.three factors:
1. 'Ihe angle of the reception surface, according to the Cosine
Law, which states that the intensity of radiation on a tilted 
surface equals the normal intensity time� the cosine of the 
angle of incidence. 
2. Atmospheric depletion, being absorbtion by ozone, water
vapours, and dust particles in the atmosphere. 'Ihis factor 
ranges from 0,2 to 0,7. 
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3. ruration of sunlight..
Of the amount (100 %) of solar radiation arriving at the 
atmosphere approximately 50% is received at the ground. This 
depletion occurs in the proportions indicated on figure 5/1. 
Radiation is experienced as heat and light, but there is no 
constant relationship between radiation intensity and its 
lighting effect. As a general guide, the value of 100 
lumens/watt can be used for solar radiation, which gives an 
illumination of 100 lux for every watt/square metre intensity 
(Koenigsberger 1973}. The annual cycle of air temperature is 
closely related to solar radiation but with a time lag of about 
one month (figure 5/3). The schematic relationship between 
daily variations in temperature and radiation, for clear and 
dull days, is shown in figure 5/4. 
Measurements of the heating effect of solar radiation may be 
made using a globe {black bulb) thermometer, instead of a dry 
bulb thermometer, to give the mean radiant temperature. This 
can be defined as follows: "If all surfaces in an environment 
were uniformly at this temperature, it would produce the same 
net radiant heat balance a$ the given environment with its 
various_ surface temperatures" (Koenigsberger, 1973). Globe 
thermometer readings, therefore, reflect both the effect of any 
received or emitted radiation and the air temperature in 
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combination. KoenigsOOrtJer continues: "If the globe 
thermometer temperature is not available, but the dry bulb 
temperature is known, in many cases it can be asswned that the 
surface temperatures are the same as the air temperatures •••• !£ 
there is a strong radiation source, with a known intensity, the 
globe thermometer value can be roughly estimated as one degree 
higher than the air temperature for every 90 watts/square metre 
radiation intensity." 
URBAN CLIMATE
Solar radiation must simultaneously be seen as the source of 
energy which drives the whole climatic system, and one of many 
climatic factors that determine local climatic parameters, such 
as temperature and temperature change, air movement, and glare. 
Individual buildings are the means whereby these conditions are 
adapted to provide an equitable and stable internal environment 
for the intended occupants. In an urban situation, size, 
shape, surface material, orientation, and spacing of buildings 
are determined by many criteria, amongst which inadvertent 
external climatic modification has not hitherto been highly 
ranked. Oliver (1973) sees this as being related to a lack of 
predictive models: 
"While the climatic environment is often considered as a 
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variable in siting new buildings and building clusters 
(Landsberg, 1970), little attention has been paid to the 
modified climate that will result. Perhaps the reason for this \ 
relates to the lack of predictive models allowing the 
evaluation of such changes. It has become a prime task of 
climatologists to examine the changes that occur and to attempt 
to assess quantitatively the nature of the variables involved." 
'Ille changes relevant to sun and shade referred to by Oliver may 
be sumnarised as follows: 
Temperature 
A city can. be one degree centigrade warmer by day and two 
degrees centigrade warmer by night than the surounding open 
countryside. Koenigsberger (1973) reports diffor1�nces of up to 
eleven degrees centigrade. Some of this heat is imported as 
power for lighting, heating, and cooling of buildings, and for 
transportation. By far the greatest prop:>rtion of heat derives 
from solar radiation, partially absorbed by buildings and 
streets, and converted into heat. Dark. surfaces such as 
tarmacadam tend. to absorb, and light surfaces tend to reflect, 
solar radiation. '!his capacity is known as albedo or 
reflectivity. In a city such as Cape Town, approximately 
one-third of the central area is tarmac surface, including 
pavements, roads, parking and loading bays. Building surfaces 
Chapter Five. Page 59 
vary from highly reflective 'solar shield' mirror glass to 
black aggregate terrazzo. 
At night long-wave radiation to space occurs, resulting in 
rapid cooling of the earth's surface. '!he layer of air 
immediately above the surface is also cooled, leading to a 
reversal of the normal condition in which atmospheric 
temperature decreases with altitude. '!his inversion condition 
may cause pollutants to be trapped in a concentrated form, 
rather than being diluted with freshly circulated air and 
dispersed. 
· Chandler (1978) observes that the heat island effect is also
greatest at night as a result of strong rural cooling. tater
in the night, urban cooling rates often slightly exceed those
in rural areas, and the urban-rural temperature difference
decreases. After dawn, the vegetation-covered soils of rural
.areas, with a relatively 1,).,,, thermal capacity, and fully
exposed to solar radiation, �arm faster than air in city
streets, so that the urban-rural temperature difference further
decreases or ev(�n reverses to form an urban cold island.
It should be mentioned that above a certain critical windspeed, 
heat island conditions can not occur. Chandler goes on to 
explain the daytime cold island phenomenon as a result of 
thermal lag, that is, the delay in heating a city centre with 
I 
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high thermal capacity. He mentions as important in this 
respect shading of city streets, gardens, and courtyards by 
tall buildings. He continues: "Others have studied the 
effects of parks and square�, noting the lower temperatures 
that are usually found in open spaces within cities, a feature 
of some importance in urban planning." 
Air movement 
Increased friction caused by urban develo?nent results in 
reduced average wind speeds in cities compared with rural 
areas. Nevertheless, tunnelling effects of streets cause 
localised areas of gustiness, which reduce rapidly with height. 
In the boundary layer between and immediately above the 
buildings, wind speed and direction are influenced by the size, 
shape, and orientation of buildings, and the surface on which· 
they are built. 
Glare 
Reflections from buildings and stre•�ts, as well as from cloud 
cover, create conditions of highly contrasting light and shade. 
This is particularly noticeable in Cape Town, when the sun 
shines from the north-east or north-west. Since -the road-grid 
is orientated in a similar direction, a situation results where 
one set of roads is bathed in light, while the roads at 
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right-angles are in full shade. '!his situation is particlarly 
apparent in winter, when the sun is at a low angle above the 
horizon. 
'Ihe above climatic factors are not experienced in isolation but 
rather act and react with each other, causing a changing 
sequence of climatic conditions. It is not sufficient, 
however, to identify and describe the local climatic factors. 
The design of an appropriate building or place at a particular 
location requires detailed data on each climatic factor which 
fixes both the extreme high and low conditions which can be 
expected, as well as the average conditions. A design approach 
must then be adopted which places these considerations in the 
correct perspective with relation to all the other operative 
design criteria applied to the particular project. 
'!he average climatic condition in South Africa is temperate 
with short periods of extreme heat, cold, and rainfall. Until 
very recently the·design approach towards buildings and cities 
has recognised the average conditions but not the ex.tremes. 
'Ibis attitude is now becoming unacceptable, and people expect 
to go about their business in a city like Cape Town without 
getting drenched by the winter thunderstorms, or buffeted by 
the south-east wind in summer. Increasing living and working 
standards require, for example, efficient air conditioning, air 
being cooled in summer and warmed in winter. Oliver (1973) 
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sees the climatic aspect becoming increasingly significant to 
planning, with the ecological planning proposed by M: Harg in 
1969 becoming a necessity. 
THE BUILT ENVIRONMENT M:, AN AID TO ADAPTATION 
If the founders of modern cities could have anticipated the 
future extent of their influence on the surroundings, and 
conversely the constraints imposed on convenient growth by 
topographic limitations, more careful consideration might have 
been given to siting of the nucleic elements of towns. At city 
scale, environmental factors such as radiation, wind, and rain, 
are generally not considered. Convenience and economic 
considerations primarily determine the zoning of areas. The 
topography and geology of an area also have economic 
ramifications which determine land use. At a more local scale, 
the siting and orientation of buildings can have important 
consequences for the surrounding spaces which they help to 
define. It is not intended to refer to the role of sin.Jle 
buildings in adapting internal spaGe to human use, as this 
study is concerned with the quality of external spaces. The 
interdependence of buildings and the spaces around them should 
nevertheless be recognised in zoning regulations, which 
influence the shape of buildings, and consequently their effect 
on external spaces. 
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'!be careful selection and placing of trees within a city has a 
beneficial influence on the external spaces, not only in 
reducing wind velocities, but in cooling the air and shading 
the ground surfaces. -'lhese functions contribute·to human 
adaptation to the environment, providing a variety of 
opportunities for adaptive behavfour, and reducing the wide 
fluctuations of wind, humidity, and temperature which might 
otherwise have occurred. 
METHODS AND MEDIA FOR MAKIN:; OBSERVATIONS OF THE SUN 
Two approaches are comnonly available for making natural 
observations of the sun. '!be first depends on detailed 
knowledge of the sun's position in the sky at a given time 
above a known point on the earth's surface. With simple 
geometric procedures and drawing instruments, conclusions may 
be made, for example, regarding the sun's effects on buildings 
and the spaces about buildings, in terms of the angle of 
sunshine and the sh�ding measures which might be necessary for 
protection against excessive sunlight penetration. 
V 
I 
In the first .3pproach methods such as sunpath diagrams, Burnett 
diagrams, cotangent diagrams, cartoids, and sunlight indicators 
are available. 
The second approach requires instrumentation which may be
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grouped as follows: 
A. Simulation of sun and topographkal objective where the
•sun' moves about a fixed model of the structure under
consideration. 'Ihe Heliodon is a machine of this type. 
B. Simulation of $un and topography where the model is tilted
under a fixed light source to represent realities of light and 
shade at a given point in time. Here the sun's light may be
used with certain initial adjustments to the alignment of the 
model to provide a truly parallel light source, which aids 
photographic recording of the procedures. The Shellidon family 
of instruments operate in this way. 
The methods listed thus.far give fairly gross results insofar 
as sunlight is treated as positive or negative, that is, a 
certain point is noted to be in sunlight for a certain length 
of time, after which it is in shadow. N:> indication is given 
of the intensity of the sunlight, early morning sun ranking 
equally with midday sun. Techniques which attempt to depict 
the amount of sunlight falling on a given topography, in terms 
of hours of sunlight only, ignore the question of intensity 
completely. 
C. Instru.rnentation is available to measure the intensity of
different aspects of radiation and sunlight. 'Ihese 
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observations are naturally made from the real sun. 
Consequently, the method is suited only to approaches which 
include on-site observations of real sun conditions and are not 
compatible with those approaches which require a simulated sun 
to represent reality. Sensors of this sort are known as 
pyranometers and radiometers. 
The solar heights and azimuths for the time and location under 
consideration are listed in N.B.R.I. Reseach report number 
262, by Van D:venter (1968). These tables are organised in 
such a way that the relevant material is directly available in 
a useful form. Many of the systems available, for example, 
those which assist architects to determine the amount of 
shading a window requires to prevent excessive penetration of 
sunlight, are not adaptable to other uses and have been refined 
to a stage where the basic principles are obscured by the 
technology of the procedure. 
IMPLICATIONS OF URBAN. GEa-tETRY 
There are fundamental differences in the consideration of the 
effects of sun arid shade in urban squares as opposed to their 
effects on single buildings. An example of this is that in the 
southern hemisphere,· the north-facing elevation of a buildin,.3 
is expected. to receive the midday sun, the south face being 
shaded. In a square surrounded by buildings, however, it is 
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the south side which receives the sunlight, the north side 
being in shadow. 
Architects are aware of the advantages of roof-overhangs on 
buildings where the hot surruner sun, shining from a high solar 
angle, is prevented from penetrating a building,, but where the 
winter sun, at a low solar angle, is able to reach the windows 
and to provide welcome heating for the interior of the 
building. In urban squares the situation is reversed. 'Ihe 
sumner sun is able to reach a large proportion of the square's 
surface, uninterrupted by the surrounding buildings. 
Additional shading measures are, therefore, essential to 
provide relief. 'lbese measures may be in the form of trees, 
umbrellas as in some Continental piazzas, sun awnings, or 
covered connecting ways. In winter, when the sunlight would be 
appreciated in .the square, the surrounding buildings interrupt 
the sun, shining at a low solar angle, and cast long shadows 
over a large proportion of the surface for the greater part of 
the day. Figure 5/5 shows this phenomenon. 
Figure 5/6 shows the importance of the positioning of evergreen 
trees. In surruner trees in most parts of the Square will 
provide shade as they will be exposed to the high solar 
approach. In the winter, however, many trees will already be' 
in shade and will not reduce the available sunlight. Trees in 
the southern part of the square will interrupt what little 
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winter sun reaches the space and create more shadow. 
In Cape 'Ibwn, historically-significant buildings such as the 
Old 'Ibwn lhuse and the Metropolitan Methodist Church on 
Greenmarket Square are t¥19 or three storeys high. If these had 
been placed on the northern perimeter of the square they would 
have had the effect of allowing far more winter sun to reach 
the square than the modern buildings in those positions now 
allow. An argument in favour of the present arrangement is 
that the elevations of the historical buildings which f�ce the 
square receive sunlight for the greater part of the day. 'Ihe 
sculptural qualities of the buildings are therefore revealed, 
which would not occur if these were on the shaded side of the 
square. 
Streets provide a pathway for the sunlight to reach Greenmarket 
Square uninterrupted by buildings. In a normal grid situation 
where one whole block is used as the square, sunlight reaches 
the square's surface along the perimeter only, as this is where 
the adjacent road system connects to it. Greenmarket Square, 
being m�de up of two half blocks with a central road (Burg 
Street), receives sunlight at its centre from the north-east by 
this means. ('Ihe disadvantages of the bisection of Greenmarket 
-Square by Burg Street from a pedestrian point of view are
currently under review by the Cape 'Ibwn City Council, and the
section crossing Greenmarket Square might eventually be closed
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to vehicular traffic). 
The orientation of the Square also has a considerable effect on 
the penetration of sunlight (figure 5/7). Being set at 
forty-five degrees from the north-south axis, the Square 
receives direct winter sunlight by way of the road system at 
mid-morning and mid-afternoon only, from the north-east and 
north-west. If the grid had been arranged on the north-south 
axis, sunlight l>X>Uld have penetrated obliquely from the east 
and west by way of Shortmarket and longmarket Streets, and 
directly down Burg Street from the N:>rth, that is, from three 
directions instead of two. 
It is apparent that the penetration of sunlight to urban 
squares, particularly in winter, is determined largely by the 
g·eometry of the urban forms that contain those squares. The 
provision of additional sunlight to an urban surface would 
involve fundamental changes in the shape and positioning of 
surrounding buildings. Seen.against the comparative ease with 
which shading can be provided in an urban square when too much 
sunlight is present, it would seem that town planners should 
err on the side of excessive sunlight penetration. This could 
be adjusted over time throu,3h use and experience of the actual 
situation, rather than permitting large buildings to 
permanently overshadow urban spaces with no potential for 
adjustment during the life of the buildings. 
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PERIODICITY 
The subdivision of time into large units is adequate for the 
simple requirements of primitive, independent communities. To 
function efficiently, interdependent societies require finer 
time gradations and the conventional recognition of time-spans 
devoted to c�rtain activities on a regular basis. This was 
particularly true before electric lighting made night-time 
hours available for 1,,\'.)rk or recreation. Despite this 
technological advance, the diurnal cycle remains customarily 
and habitually entrenched in our behaviour, largely determining 
when we eat, sleep, 1,,\'.)rk, or relax. As communal action in 
cities provides advantages to the single individual that he 
would otherwise not enjoy, he must confine himself to the 
traditional rhythms of that society in order to contribute 
efficiently. 
The parallel in species other than man is described by Hawley 
(1950), who discusses the adaptation of species to rhythms of 
the physical world, to the changing seasons, and to the 
oscillations of temperature and humidity. He continues: "The 
timing of physiological rhythms is fundamental to the 
establishment of symbiosis among species. In order that 
diverse organisms may live together, their respective routines 
must fit into a pattern which is congenial to the needs of all. 
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Thus the pulse of life in a given species is often a 
determining factor in its attaining a niche in a given 
community." 
Periodic human needs must be adapted to the rhythms of the 
natural physical surroundings, but, wherever possible, man 
relies on technology to reduce this constraint. The ability to 
freeze and store food has reduced man's dependency on the 
weekly market. The importance of the weekly cycle has changed 
in time and been adapted to suit contemporary human needs of 
work and recreation. The effect on many cities, and certainly 
in central Cape 'lbwn, is to create periods of hectic activity 
during \oiUrking days and'desolation after \oiUrking hours. 
Attempts to change people's habitual patterns are met with 
considerable resistance. The introduction of flexitime- has not 
had a marked effect in making more efficient use of facilities 
such as eating places, and parking areas, nor has it reduced 
the peak-hour traffic jam of vehicles leaving town in the 
evenings. Freeways are , therefore, provided to cater for 
near-peak loads and are under-utilised for the remainder of the 
day. A similar condition pertains to the whole 
macro-structure, from the mass transf)Ortation system, power 
supply, water demand, and sewerage, down to the requirements of 
lunchtime shopping and eating. Costly, but "non-essential", 
non-productive areas such as parks and squares are also 
underutilised. An analysis of these places in terms of-utility 
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related to cost shows them to be extremely expensive , if 
utility is defined as person /hours spent occupying the space 
because of its intrinsic attractions. ltbre often than not, 
Greenmarket Square is used as a convenient pedestrian passage 
across that part of the town. 'Ihis. is particularly true 
between 08h00 and 09h00 on weekday mornings when people fan out 
across the Square from the east on their way to work. Between 
16h30 and 17h00 the reverse occurs, and people funnel down 
Shortmarket Street towards the railway station. It is only 
during the lunch hour that the Square is enjoyed by any 
significant number of people for its sun, shade, or fresh air. 
'Ihe mid-:morning and mid-afternoon periods attract comparatively 
few people to the Square. 
Human use of Greenmarket Square is predictably related to 
seasonal climatic conditions. Sunny spells in winter attract 
people to the Square, but simultaneous cold winds prevent them 
sitting still for any length of time. By far the more 
important factor, however, ,which influences human use of the 
Square is the periodic nature of human urban activity. 
AESTHETIC QUALITY
Aesthetic quality of urban spaces is determined by its physical 
characteristics and its non-physical qualities such as mood 
and atmosphere. A feeling of well-being, for example, is 
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difficult to evaluate. It is also difficult to establish the 
factors which contribute to that feeling. � Consequently, the 
potential exists for the unwitting reduction of aesthetic 
quality by the rem:>val or adaptation of important contributing 
factors, simply because these have not previously been 
identified as such. 
Greenmarket Square may be seen as a space defined by its 
surrounding surfaces, which include not only the facades of the 
buildings, but also the cobbled floor and the sky. As has been 
shown, this provides a backdrop to the dramatic events of each 
day and is subjected in addition to the vagaries of climatic 
elements. Human perception of the space is largely dependent 
on the quality of light which falls on the surfaces. Bright 
direct sunlight throws into sharp relief the sculptured or 
m:>delled surfaces, found on the Metropolitan Methodist Church, 
where the three dimensional-qualities of the surfaces are 
particularly apparent. With the sun's movement these patterns 
change. At a certain moment of the day, an obliq1Je light 
amplifies the hand-made qualities of the surfaces of the Town 
lbuse. At other times these walls are a brilliant, but 
featureless, white. 
Shadows cast throughout the day make changing textures on the 
cobbles, from full sunlight, through a range of m:>ttled light 
caused by overhanging branches, to deep shade. This changing 
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quality of light determines the way in which colours are 
perceived. Cbjects seen in full sunlight possess deep, full 
colours which turn insipid when the sun is obscured or when the 
object is silhouetted against the sun. 
References in planning literature to the human need to be 
exposed to natural elements within a city or, at least, not to 
be totally denied that opportunity, are motivated by both 
aesthetic and psychological considerations. Attempts to obtain 
empirical data on the human need for open spaces, even in a 
rural setting, have thus far not been successful. Planners of 
the pre-war school justified open urban spaces, calling them 
the lungs of the city, where the combination of sunlight, 
plants, air, and water, produced a beneficial increase in the 
oxygen content of the air through photosynthesis. It was later 
shown that this increase is far too.small to justify the 
dedication of urban blocks to that purpose alone, but planners 
still intuitively sense and recognise that need without being 
able to explain it in detail. The answer has probably to do 
with a very wide combination of factors acting in different 
ways on different people. 
On some aspects there appears to be mutual agreement. Urban 
spaces are seen as places where people have an opportunity to 
become themselves again, to normalise after hours of hard work 
or after the fantasy experience of contemporary shopping 
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centres where they are removed from the realities of the 
outside world and their aspirations and expectations are 
manipulated. In the shopping centres, air-conditioning removes 
the need to adapt to the cold wind or hot sun which makes the 
streets uncomfortable. Bright lights deny the shopper an 
awareness of the passage of time occasioned by the moving sun 
outside, and loud popular music prevents the normal auditory 
messages of the city from spoiling his reverie. A necessary 
contrast to this transient world is provided by open urb3n 
spaces where the familiar qualities of sun, Wind, and rain are 
available. 
Another aspect which must be considered is the secondary use of 
a square. People do not only occupy the space physically, but 
also surround it at many levels, generally in office buildings 
from which they look down onto the square. A view onto trees 
and gardens is highly-sought after in the urban situation, and 
offices bordering these areas are seldom vacant. 
The conditions in which people work are control led by the 
Department of Manpower Utilization, with regulations existing 
to protect office workers in windowless areas. 'Ihe question 
for the future, however, . should not be whether buildings need 
windows or not, but what it is we need to experience when we 
look out of them. 
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CHAPTER SIX 
MEASUREMENTS IN GREENMAAKET SQUARE 
Measurements of solar radiation in Greenmarket Square were made 
at regular intervals over a period of 11 hours from dawn to 
sunset, between the 1st and 4th of July, 1980. Radiometer 
readings were taken at the points of intersection of a 
superimposed grid which divides the Square into zones, as shown 
on the accompanying drawing (figure 7/2). Radiation values 
were recorded and observations made of the movement of people 
into or away from the square. Subsequently, black bulb. 
thermometer readings, ambient temperature readings, and 
radiation readings, were recorded simultaneously at a single 
measuring point, together with details of human use of the 
Square • 
. Aims and objectives of the site w::>rk 
In formulating a new approach to the representation of the 
distribution of solar radiation in urban spaces, one of the 
requirements was that numerical data, which could be
manipulated aritn�etically, should be collected to provide, for' 
example, daily totals of solar radiation received at a given 
point. Also the data should be such as to make possible a 
graphical representation in a form which renders areas of 
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maximum and minimum solar radiation iamediately apparent. 
Another requirement was that the measurements should indicate 
the amount of solar radiation at any point in the study area at 
any time throughout the day. In this pilot study, continuous 
monitoring over many points was not possible owing to logistic 
considerations. Measurements were therefore made at intervals 
to demonstrate that the approach and methods employed could 
produce results with far greater detail and resolution than is 
normal for studies of urban sun and shade. 
The secondary objectives of the site work were to establish the 
suitability of the instrumentation chosen and of the methods 
employed in collecting the data. In order to ensure that 
unanticipated practical implications did not impede the smooth 
progression of measurements throughout the day, a precautionary 
time margin of 6 minutes was incorporated between sets of 
radiometer readings. l)Jring this time, observations of a 
practical nature concerning the instrumentation and method of 
use were to be recorded. 
In addition to the collection of data by radiometer and black 
bulb thermometer, observations were to be made of the movement 
of people within the square to establish patterns of human 
response to the conditions of sun and shade prevailing at a 
given point at a certain time. 'Ihese observations were used to 
establish whether any consistent behaviour could be determined 
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which would demonstrate a definite link between the amount of 
solar radiation falling on a given ?')int and the extent to 
which that point was seen as an attractive place to sit. 
INSTRUMENTATION 
Radiometer 
The instrument used to measure solar radiation was a Ll-170 
()Jantumjradiometer/photometer manufactured by Lambda 
Instruments Corporation (LI-CO), of Lincoln, Nebraska. It was 
used in radiometer mode, in conjunction with a pyr�nometer 
sensor which measures global radiation from sun and sky 
received on a horizontal surface. The measurement is in watts 
per square metre. The instrument was attached to a platform 
with a level surface approximate 800 nm above the ground. The 
platform supported the sensor in its holder, which provides a 
�evelling bubble and three adjusting screws. 
Operating procedure 
Before any readings were made, the instrument's zero adjustment 
was checked. This should be done with the instrument switched 
off. The instrument should read zero, failing which, a 
mechanical zero control adjustment should be made. This 
adjustment was not usually required during any one measuring 
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period. 
The equipment was placed at the required measuring point, and 
an appropriate range selected depending on the amount of 
radiation being received. 20�0 watts per square metre was the 
required position for strong radiation, and 20,0 for weak 
radiation. 
Since the proximity of a human body screened sufficient 
radiation to affect the reading, a distance of 1 metre was 
maintained between the operator and the instrument while taking 
measurements. Care was also taken not to shade or reflect 
radiation onto the sensor. When the needle had stabilised, the 
result was recorded and the equipment advanced to the next 
measuring point. 
Calibration 
On the 9 �ugust 1978, the LI-170 instrument, Serial t-b. PQR 
1079-7209, was calibrated to the LI-200S pyranometer sensor, 
Serial t-b PY 1326-7809. The calibration was done in air under 
direct sunl.i<Jht. 
Black bulb-thermometer 
The instrument.used consisted of a 150 mn. hollow copper sphere 
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painted black. A 2D. opening in the sphere was fitted with a 
rubber collar through which a 7mm. glass thermometed protruded 
to allow the thermometer bulb to be positioned at the centre of 
the copper sphere. 'Ihe thermometer scale, reading from 0 to 
200 degrees fahrenheit, extended above the copper sphere. 'Ihe 
instrument, on loan from the Department of Manpower 
Utilisation, was marked lAB 17/6. 'Ihis Department uses the 
instrument to measure mean radiant temperature, as required for 
calculations of the Corrected Effective Temperature Comfort 
Index, to determine human comfort levels in existing work 
spaces. 
The globe thermometer reading gives a combination of air 
temperature and the effect of any received or emitted 
radiation. If the air is warm, but the opposing surfaces such 
as walls are cold, some radiation will be emitted from the 
globe and the reading will be below the air temperature. If 
radiation is received as occurs when direct sunlight falls on 
the globe, the reading will be higher than the air temperature. 
Operating procedure 
The instrument was placed at position C7 (figure 7/2) on a 
level platform 800mm. above the ground. It was decided to 
raise the instrument to this level to make measurements at a 
level approximating that of the human torso in a seated 
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position. 'lbe instrument was placed in position 30 minutes 
before dawn, to allow it to stabilise to the local conditions. 
Readings were taken every fifteen minutes, as a response time 
of over ten minutes was required. 
As the readings were made at a single point, it was possible to 
take ambient temperature readings as well as radiation 
readings, and to make a note of the number of people seated in 
the western quarter of the Square. 'lbe results were tabulated 
(table 7/22) and graphed (figure 7/23). 
PROCEDURE 
The study area was measured, and an accurate drawing made, 
showing the positions of Greenmarket Square's buildings and 
roads. In addition, the positions of projecting canopies and 
trees were plotted. 'lbe building heights were recorded and 
cross-sectional drawings produced, as a basis for figures 7/15 
and 5/6. 
Radiometer readings 
A superimposed grid of 6 lines, three in each direction, was 
devised, along which radiometer readings were taken at 
intervals of 10 minutes. As there were 6 lines, (A, B, C, D, 
E, and F) a complete set of readings covering the Square was 
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taken every hour. At points where t\\ti grid lines crossed, 
readings were taken twice an hour as a natural consequence of 
the lines sharing a measuring point. 'Ihese points are marked 
E/B, A/B, D/8, E/F, A/F, D/F, and E/C, A/C, D/C, on the site 
plan (figure 7/2). While it is advantageous to have additional 
readings at these points for cross-checking and giving greater 
definition to the results in this sector, care must be 
exercised in creating cumulative totals for these points, as 
double values will otherwise result. Each point was thus 
registered only once every hour when totals were determined. 
tbt more than four minutes were required to measure each string 
of readings, leaving 6 minutes to check the.written notes, to 
make observations of a practical nature concerning the 
instrumentation, and to proceed to the starting point of the 
next string of readings. D.lring the four-minute reading 
period, conditions of solar radiation changed so slightly that 
compensation for this was not warranted. 'll:> verify this, an 
additional reading was taken at the starting point after the 
first string had been recorded, to determine whether any 
appreciable difference could be observed between the first 
measurement of point l and the second measurement at the same 
point four minutes later. When differences were observed, 
these could be attributed to changing cond.itions of overcast 
sky, rather than to the slightly different position of the sun 
within the four-minute period. 
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A decision had to be made as to whether a particular· sky . 
condition was acceptable for the site readings or not. At 
times, overcast conditions prevented accumulation of a reliable 
data set. As a result, the data used were collected over a 
period of four days, during which an acceptably uniform sky 
condition was available for the readings. The criterion 
adopted for acceptable light conditions was that a sharp shadow 
line should be apparent on the ground during the entire 
observation period. D.Jring clear, blue sky conditions, sharp 
shadows were present. As the sky lost its colour owing to haze 
or mist, well-defined shadows would initially be apparent, and 
radiation readings remained high. As radiation levels dropped, 
well-defined shadows were no longer present. When this 
occurred, readings were discontinued until acceptable 
conditions were re-established, and' the preset prograrrme could 
be continued. Missed readings were made good on the nea_rest 
following day on which conditions were acceptable according to 
the standard. Minor errors introduced in this way are within 
experimental error, as during the time of observations solar 
altitude changed by less than one degree per week. 
As people moved into the square and occupied the benches which 
line its borders, a plus sign was entered adjacent to the 
radiation reading being made at that time. Similarly, as 
people left a-point a minus sign was entered adjacent to the 
l 
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radiation reading being made. 'Ibis was done in an attempt to 
relate human use of the Square to radiation levels. 
Black bulb thermometer readings 
Subsequently, black bulb thermometer, radiometer, and ambient 
temperature readings were made simultaneously with recordings 
of the number of people using the benches in the western 
quarter of the Square. 'Ibis was done under varying degrees of 
solar radiation during the four-hour pe�iod after dawn, to 
establish the local relationship between radiation and net 
radiant temperature. en the basis of the previous.radiometer 
readings, a single measuring fX)int C7 was chosen in the area 
which �uld receive the first direct solar radiation of the 
day. 
The readings generally satisfied the aims and objectives 
outlined at the beginning of this chapter. Numerical data was 
collected over a full day along fX)ints on a grid which covered 
the whole square. 'Ihe data reco.rded the intensity of the solar 
radiation at the measuring points, allowing daily totals to be 
collected and areas of maximum and minimQ� radiation values to 
be identified and represented graphically. 
'Ihe instruments used and the methods employed were suitble for 
the collection of data in the form required. Some difficulty 
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was initially experienced in determining the units in which the 
radiometer readings were expressed. 1bis difficulty did not, 
however, affect the accuracy of the readings and was soon 
resolved. 
'Ihe observations of human use of the square were satisfactorily 
correlated with the radiometer and black bulb thermometer 
readings in. the form in which the data was collected.; It was 
apparent at the time of making these readings, however, that 
many other factors not considered in the limited scope of this 
study significantly influenced the human use of the space. 
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CHAPTER SEVEN 
RESULTS OBTAINED FR0'-1 THE MEASUREMENT OF SOLAR RADIATION IN 
GREENMARKET SQUARE 
Radiometer readings were made between the first and fourth of 
July 1980. en the first of July the sun rose at 07h11 and set 
at 16h56. Readings were started at 07h00 and were stopped at 
18h30. 'Ihe results of these measurements are shown on tables 
7/16 to 7/21, and are depicted graphically in figures 7/3 to 
7/12. 
Black bulb thermometer readings were made and compared with 
simultaneous ambient temperature and radiation readings. Human 
use of benches in the study area was recorded at the same time. 
'Ihe results of these readings are shown on table 7/22 and 
figure 7/23. 
REPRESENTATION OF RESULTS 
Radiometer results 
The data lends itself to many forms of representation. 'Ihe 
first method chosen employed the Dataplot computer program by 
Apple Computer Inc., to produce bar-graphs of radiation at a 
single given point at hourly intervals. Figure 7/1 shows an 
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example of the results achieved. As the program was not 
readily adaptable, because of inherent limitations, the graphs 
are all plotted using the same vertical axis height to 
represent different ranges of readings. At point D2 the 
highest reading was 160 watts/sq.m., while at point D5 the 
highest reading was 400 watts/sq.m. 'Ihe vertical distances 
between zero and the tops of the graphs are equal. 'Ihe results 
are, therefore, not easily compared visually. ..
'Ihe Dataplot bar-graph shown in figure 7/1 provides detailed 
information at a single monitoring point at hourly intervals. 
'Ihis technique could also be used to show radiation values at a 
single time, but at ten different points along a measurement 
line. In this way the time factor would be brought into 
prominence. While the bar-graph method has the advantage of 
speed, the main objections to this method of representation are 
that it requires the use of a computer and produces results 
that are not readily comparable visually. 
To overcome these objections it was decided to present the data 
by three-dimensional graphic techniques as shown on figures 7/3 
to 7/12. 
The radiation levels are depicted to a vertical scale of 10 
millimetres to 100 watts/sq.m. 'lb clarify the sequence in 
which the readings were made, that is from point Al to A2 to 
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A3, these readings are connected by a solid line. Where 
readings taken along line B coincide with readings taken along 
line A at point A/B, the graphic method employed highlights the 
difference in radiation due to the elapsed period of ten 
minutes between the readings. 'Ibis is clarified on figure 7/5. 
Figure 7/13 shows the total radiation received at all the 
measurement points over the period of eleven hours. Due to the 
vertical height, shown here to the same scale as figures 7/3 to 
7/12, the viewpoint has had to be changed to prevent the high 
values from obscuring the low values. en figure 7/13 the 
Square is viewed from the north looking south, while figures 
7/3 to 7/12 view the Square from the southern corner. 
Viewpoints from the east or west might have been an equally 
suitable compromise solution to avoid this problem. 
Figures 7/24, 7/25 and 7/26 show isopleths at 100 watts/sq.m. 
interval.s for the hours 10h00 to 11h00, 12h00 to 13h00, and 
14h00 to 15h00, derived from the radiation values on tables 
7/16 to 7/21. Where t� values were available for a given 
point, averaged values were used. (For this reason, there are 
slight differences between the isopleths under discussion here, 
and the example in figure 7/14, where maximu� values were 
used). 
Plus and minus signs from tables 7/16 to 7/21 also appear, 
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showing points at which people either sat down or left benches 
or other resting-places around ttie Square. 
Black bulb thermometer results 
The results of the black bulb thermometer readings were plotted 
on a graph (figure 7/23), which simultaneously shows the 
ambient temperature and the radiation values obtained. Since 
it is regarded as important to relate human usage of the Square 
to the temperature and radiation conditions, numbers of people 
sitting in the black bulb study area are plotted on the same 
graph. This method of representation allows certain 
correlations to be observed as discussed under 'Black bulb 
thermometer observations'. 
Radiometer observations 
Dawn in Greenmarket Square on the first of July was at 07h11. 
At that time a mean radiation value of 1,5 watts/square metre 
was measured along line E. The solar radiation increased 
slowly with a comparatively even distribution over the whole 
Square until 08hi0, when the mean radiation value on line E had 
increased to 15,25 watts/sq.m. 'This level distribution may be
seen on line D (08h00) and line E (08h10) on figure 7/3. At 
that time the surrounding buildings prevented direct sunlight 
from reaching the surface of the square. The light which 
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reached the square was therefore a diffused light from the sky 
and upper surfaces of the surrounding buildings, such as the 
Inn on the Square. As the sun continued to rise after 08h10, 
the increased radiation values became more apparent. By 08h20 
the mean radiation value along line F was 29,6 watts/sq.m. The 
steady and evenly distributed increase may be seen by comparing 
readings on line F (08h20) with the readings on line B twenty 
minutes later (figure 7/3). The increases were relatively 
small however, when compared with those along the same lines 
one hour later. At 09h20 a peak of 200 watts/sq.m. may be seen 
at point Fl (figure 7/4). This peak is caused by the sun 
· shining at an azimuth of 40 degrees, which approximately
corresponds with the north-east south-west orientation of Burg
Street. In comparison with this reading, the radiation value
at Bl twenty minutes later was only 35 watts/sq.m., and at
09h50 a value of 45 watts/sq.m. was recorded at point Cl.
These comparatively low values were caused by the shadows of
Namaqua House and South West House.
At 10h00 the peak of comparatively high radiation jirst seen at 
point Fl at 09h20 was recorded a,3ain, at point D/F, when the 
reading was 150 watts/sq.m. By 10h20, however, the reading at 
0/F had dropped to 30 watts/sq.m. It may be seen from figure 
7/5 that this value is typical along line F at 10h20. These 
low values are caused by a distant tall building which blocks 
the sun for approximately twenty minutes. 
Chapter Seven. Page 94 
By 10h30 the first strong rays of sunlight reached the surface· 
of the Square, causing values as high as 400 watts/sq.m. at 
point A/B, and 300 watts/sq.m. at point A/F (figure 7/5). By 
10h40 the whole of the south-western part of the square was in 
sunlight, with shade in the north-eastern and north�western 
parts. LDw values at El0, A10, and D10 were caused by the 
developing shadow of the Inn on the Square, as shown on figure 
7/15. 
An interesting difference in radiation readings over a thirty 
minute period may be seen at point E/B at 10h10 (figure 7/5), / 
and at the same point at 10h40, where values of 120 and 500 
watts/sq.m. respectively were recorded. Similar differences 
caused by the counter-clockwise movement of the point of 
maximum intensity of solar radiation may be seen on figure 7/5. 
The depression of the radiation values by a tall building along 
line Fat 10h20.prevents an accurate depiction of the expected 
radiation distribution pattern over the period from 10h00 to 
11h00, when concentration of sunlight on the south-western part 
of the Square, including points F8, F7, E/F, and A/F �uld be
expected. 
The continuing anti-clockwise motion of the area of maximum 
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radiation intensity around the Square may be seen on figures 
7/6 and 7/7. At p::>ints El and Al, values increased from 35 to 
400 and from 60 to 250 watts/sq.m. bet-ween 10h10 and 11h10 and 
between 10h30 and 11h30 respectively. Between p::>ints E7 and 
El0, values reduced between 11h10 and 12h10 as -well as at 
p::>ints E/F, F7, and F8 bet-ween 11h20 and 12h20. The depression 
of solar radiation values along line F, between F2 and F/A, at 
11h20 was caused by the shadow of Namaqua fbuse. 
The comparatively low values of 100 and 65 watts/sq.m. at E2 
and E3 at 11h10 (figure 7/6) were caused by overshadowing 
trees. Another example of overshadowing by trees may be seen 
at p::>int A2 and A3, where readings -were affected by shade 
throughout the day. These examples -were, ho-wever, exceptional, 
the rest of the readings being unaffected by shading due to 
trees. 
Increasing radiation values along line B -were recorded at 
12h40, with lowering values in the north-western �rt of the 
square due to the encroachment of the shadow of the Inn on the 
Square (figure 7/7). 
As Greenmarket Square is in fact a rectangle, high radiation 
values were present on the south-eastern side for a longer time 
than on the south-western side. This may be seen by comparing 
the pre-noon period (figures 7/6, 7/5, 7/4, and 7/3) with the 
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afternoon period (figures 7/7, 7/8, 7/9, and 7/10), where 
figure 7/3 shows the period four hours before noon and figure 
7/10 the period four hours after noon. Between 08h00 and 08h50 
radiation values are low in the south-western side, while 
between 15h00 and 15h50 peaks of 400 watts/sq.m. were recorded 
at the south-eastern side. 
Strong values of up to 550 watts/sq.m. are to be seen at points 
A/B, AS, A/F, and A7 at 13h00 (figure 7/8). These high values 
were caused by the afternoon _sun, at a solar angle of 31 
degrees above the horizon, shining down the narrow space 
between the Inn on the Square and Greenmarket Place formed by 
Shortmarket Street. The continuous anti-clockwise movement of 
the area of maximum intensity of solar radiation resulted in a 
further reduction of radiation values along line E from E7 to 
El0 (figure 7/8). Figure 7/9 shows the continuing reduction in 
the south-western part of the Square, along lines F and A from 
A/F to Al0 and from A/F to F8. The peak of high radiation at 
AB at 13h30 of 550 watts/sq.m. (figure 7/8) reduced to 475 
watts/sq.m. at 14h30 (figure 7/9), while the high values at A/F 
and A7 at 13h30 reduced to a low me�n value of 93 watts/sq.m. 
at 14h30 (figure 7/9). 
The ray of sunlight down Shortmarket Street can be seen to have
moved to D/F at 14h20 where a peak of 200 watts/sq.m. 
developed. Note that this peak was not present at D/F at 14h00 
'<' 
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(figure 7/9), while at the same point at 13h00 the radiation 
,,. 
reading was 70 watts/sq.m. 
The depressed radiation reading at 87 at 14h40 was caused by 
the central tower of the Inn of the Square. An hour later at 
15h40 (figure 7/10), the radiation values at E/B, B7, and B/8 
reduced to a mean of 65 watts/sq.m, as the shadow of the Inn on 
the Square lengthened and moved towards the east. 
From 15h00 onwards, the irregular sky-line caused by the 
surrounding buildings played an increasingly significant role, 
causing short periods of high and low· intensity as the long 
afternoon' shadows moved anti-clockwise towards the eastern side 
of the Square. An example of this may be seen at 0/F at 15h00 
(figure 7/10) where a value of 50 watts/sq.m. was recorded, but 
at 15h20 a peak of 400 watts/sq.m. can be seen. 
The effect of the sun at a low solar angle moving behind the 
Tudor Hotel at the north-west corner of the Square may be seen 
on figure 7/11.  Fast-lengthening. shadows obliterated the peaks 
of high radiation shown on figure 7/10, leaving a small area of 
sunlight shining down Shortmarket Street. This causes a 
radiation value of 300 watts/sq.m. at F7 at 16h20. 
Figure 7/12 shows a band of relatively weak radiation along 
line D, and a low peak of 72,5 watts/sq.m. at point 'A/C. This 
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was caused by the setting sun reflecting off the buildings on 
the north-eastern side of the Square. 
HUMAN RESPONSES ro SOLAR RADIATION 
While the readings of solar radiation were being made, the 
arrival and departure of people to the benches in the vicinity 
of the readings was noted. The plus and minus signs on tables 
7/16 to 7/21 denote the arrival of bench-users, while a minus 
sign denotes the departure of a bench-user, from the study 
area. It should be noted that there are no benches on the 
Longmarket Street side of the Square, while there are 
sufficient benches on the other three sides to accommodate the 
numbers of people sitting in the Square. The lack of benches 
along Longmarket Street restricts the bench-user's choice of 
location, and prevents a close correlation between radiation 
levels and numbers of bench-users. Certain trends can, 
however, be determined when the plus and minus signs are drawn 
onto a site plan which simultaneously shows areas of high and 
low radiation. These areas of high radiation are shown by 
means of isopleths on figures 7/24 to 7/26. 
Figure 7/24 shows that most arrivals and departures for the 
time period 10h00 to 11h00 took place in the south-western half 
of the Square, that is, on the Longmarket Street side of the 
measuring line A, where tne higher radiation levels were 
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present. Four plus signs and tVIK> minus signs are noted in this 
area, while one plus and one minus sign appear on the centre 
line, and one plus sign appears on the Shortmarket Street side. 
The plus signs denotes the arrival of a bench-user, while the 
minus sign denotes the departure of a bench-user, from the 
study area. 
Figure 7/25 shows the area of higher radiation to be situated 
on the south-eastern side of the Square during the time period 
12h00 to 13h00, when seven plus and three minus signs are 
shown. In the other half of the Square, four plus signs 
appear. 
Figure 7/26, for the time period 14h00 to 15h00, shows eight 
plus and four minus signs in the half of the Square south-east 
of Burg Street, where the higher -radiation levels were 
received. 'Iwo plus and three minus signs are shown in the 
other half of the Square. 
In interpreting the meaning of the plus and ininus signs, the 
signs should not be arithmetically manipulated, for example, by 
cancelling a plus sign against a minus sign. While a plus sign 
could be interpreted as a person regardin•J the 1:oint 
hnquestion as an attractive place to sit, a minus sign, 
meaning that a person stood up and left, does not necessarily 
indicate that the point had become unattractive. The reasons 
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for his leaving could have been ascertained by.questioning him, 
but this was not within the scope of the study. 
A minus sign indicates that at some previous time, a person had 
found that place attractive, but now h�d to leave. In 
assessing the distribution of bench users, it 'M'.>Uld therefore 
be reasonable to recognise both plus and minus signs as 
indicators of interest. In the following analysis, a plus sign 
is allocated a value of t'M'.>, and a minus sign the value of one. 
In figures 7/24, 7/25, and 7/26, the Square has been bisected 
either horizontally or vertically into approximately equal 
areas of higher and lower radiation. 
Figure 7/24 
Area of high radiation: 10 points 
Area of low radiation : 2 points 
Figure 7/25 
Area of high radiation: 17 points 
Area of low radiation : 8 points 
Figure 7/26 
Area of high radiation: 20 points 
Area of low radiation : 7 points 
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In all three cases, the area of higher radiation received more 
than double the interest shown in the area of low radiation. 
It is not possible to determine whether people sitting in the 
. .
zone• of higher radiation were seeking direct sunlight or simply 
the resulting warmth, while per-haps using a local patch of 
shade to avoid excessive glare. It is also not possible, at 
this stage, to state whether the decision to sit in the warmer 
zone was a conscious or sub-conscious one. 
It must be recognised that many other factors influence human 
use of the Square. Further, in order to mo�e closely relate 
solar radiation to human use of urban spaces, many other 
methods and techniques from several disciplines might 
simultaneously be employed. 
Black bulb thermometer observations 
From a study of the literature it appears that there is� 
shortage of material on comfort indices for human occupation of 
external spaces, while th1�re is a considerable amount of 
reference .material on comfort indices for internal spaces. See 
Appendix 01e. 01e of the more recently devised and widely used 
comfort indices is the Corrected Effective Temperature index. 
This index requires the measurement of mean radiant 
temperature, as given by a black bulb thermometer, for its 
calculation. 
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For the first two-and-a-half hours after dawn, a steady 
increase in ambient temperatures, black bulb temperatures, and 
radiation levels may be seen (figure 7/23). turing this 
period, the ambient temperature rose from 14,4 degrees to 17,2 
degrees centigrade, black bulb temperatures rose from 14,4 to 
15,5 degrees centigrade, and radiation levels rose from 0 to 45 
watts/sq.m. Although no other trends are apparent from the 
readings durings this time period, the numbers of people may be
seen to fluctuate between one and twelve. 'Ibis is because the 
initial human activity in the Square is related to the 
half-hour period irrmediately after dawn, where relatively minor 
temperature and radiation changes are seen, but large changes 
in the light level occur. 'Ille subsequent decrease in the 
number of people sitting in the Square between 08h00 and 09h00 
can possibly be related to the starting times of their 
employment. 
At approximately 09h15, the first direct rays of sun fell on 
the instruments and caused a relatively fast increase in both 
black-bulb thermometer readings and in radiation readings. 
Ambient temperatures, being measured in shade, rose less 
quickly. By 09h45, the radiation level had risen to 525 
watts/sq.m., and the black bulb therroometer temperature had 
risen to 34,4 degrees centigrade. At this time, ambient 
temperature was 20,0 degrees centigrade. 'Ille numbers of people 
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rose from four at 09h00 to nine at 09h45 and to fifteen at 
10h00. 
The initial increase in numbers of people using the Square may 
be seen to correspond to the thirty minute period after dawn, 
where there is no significant temperature rise but there is a 
considerable increase in the light level. 'Ihe second increase 
in numbers of people occurs during the forty-five minute period 
after the first rays of sun start to warm the Square. 
The readings made with the black bulb thermometer closely 
follow those made with a radiometer. Before a reconmendation 
could be made with regard to the suitability of radiometer 
readings being adapted for inclusion in calculations of human 
comfort, many other readings would have to be made to determine 
the effect of different conditions of ambient temperature, 
humidity, and air movement. 
CONCLUSIONS AND RECClv1MENDATIONS.
Conclusions. 
In this study the evaluation of the distribution of sun and 
shade in urban spaces was done in three stages; data 
collection, the representation of results, and the analys1s of 
the findings. 
T 
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'Ihe use of a radiometer allowed solar radiation readings to be 
made within the limitations of this research, and provided data 
in a form which lends itself to arithmetical manipulation. In 
addition, the speed at which radiometer readings may be taken 
allows the effect of changing conditions of sun and shade to be 
noted over a space as_large as Greenmarket Square. 'Ihe 
simultaneous use of a black bulb thermome�er provides data 
which takes into account both the ambient temperature and the 
effects of direct solar radiation. 'Ihe readings are in the 
form used in calculations of comfort standards, but this does 
not add to,the appreciation of the distribution of solar 
radiation. Cne of the main drawbacks of the black bulb 
thermometer was its slow response time, which mitigates against 
its use for taking many measurements over a large area. 
Figure 7/23 shows a strong correlation between radiometer and 
black bulb thermometer readings. 'Ihe relationship between 
ambient temperature and black bulb te�perature suggested by 
Koenigsberger (Chapter Five), would appear to be inapplicable 
under the conditions of changing radiation experienced at the 
time of the measurements shown in figure 7/23. 
'Ihe level of detail of the results achieved is dependent on the 
horizontal distance between the parallel lines of measurements. 
While it would be advantageous to measure along all the lines 
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simultaneously with several radiometers; in order to determine 
precisely the effects of sun and shade at a specific time, 
there is no great disadvantage in a time gap between sets of 
measurements. 'Ihe differences in readings which result from a 
time gap lend themselves to explanation, (figure 7/5) of the 
length of time for which a particular condition existed. 
The method would appear to be suited to the measurement of 
solar radiation and its definition in terms of sun and shade 
for all other seasons of the year. In addition, it could be 
used in all urban spaces whether street or square. 
'Ihe tabulation of results as shown on tables 7/16 to 7/22 does 
not highlight trends, neither does it give an overall view of 
the distribution of maximum and minimum values. Apart from the 
program limitations experienced in the Dataplot program, the 
representation of data by means of graphs is inclined to be 
two-dimensional. 'Ibis was not seen as appropr�ate for the 
consideration and depiction of fluctuating values in 
three-dimensional spaces. 'Ihe method ,chosen, as shown in 
figures 7/3 to 7/13, satisfies the requirement for qn overall 
view of the distribution of solar radiation. 'Ihe method also 
allows isopleths to be accurately drawn by the method outlined 
in figure 7/14. · 
· The method chosen for the analysis of results depends on the 
final objectives. In this study, it was necessary to test the 
""· 
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method of measurement and representation in some depth. The 
detailed explanation of results_ in tl!e first part of this 
chapter shows that far greater insight into the distribution of 
solar radiation over time may be gained by the methods used 
when compared with one of the previous methods shown in figure 
7/15 •. 
,In order to have a basis for comparison bet\veen the previous 
method of recording and representing sun and shade, and the new 
method explored in this pilot study, figure 7/15 is included. 
'Ibi::; shows,. the traditional method of depicting sun and shade 
around buildings. The method requires tables showing the solar 
height and solar azimuth for the day and time of day under 
consideration. 'Inese tables are readily available ·cvan 
Deventer, 1968). The method also requires a knowle�e of the 
. height of the surrounding buildings. Given this informatV:m, 
the shadows which a buildins casts on its surrounding surfaces 
can be plotted by elementary drafting procedures. The previous 
method is not superseded by the new. Instead the two are 
complementary and may be used together to advantage. For 
example, the extent of the shadow line of a building which is 
likely to be extended in height may be plotted by the 
traditional method. Detailed radio1net1�r readings mc1y then be 
made of the solar radiation for a certain distance on both 
sides of.the shadow line. 'Ihe anticipated position of the ne\4 
s.hadow line may be plotted by simple drafting technlques. It
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would then be reasonable to assume that conditions of solar 
radiation around the new shadow line will be.similar to those 
around the original shadow line, if other factors such as 
reflected radiation remain constant. 
In order to determine whether these new conditions of solar 
radiation will be acceptable or not in the new position, 
certain considerations must be borne in mind, such as the 
extent to which previously unshaded- parts of the area are 
likely to become shaded, and the new micro-climatic conditions 
that this will create in the shaded area. Considerations such 
as these tnqy be more accurately depiGted by the new method 
under review, than by the previous method. 
This study in addition sought to establish a definite· 
relationship between the solar radiation distribution patterns 
and human use of the spaces in question. Although the 
relationship was tentatively established, the study did not 
explore other possible explanations, as this was not one of the 
aims or objectives of the research. 
Recomnendations. 
The comparative success of the pilot study in terms of its 
objectives suggests, that further environmental monitoring of 
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the sort described above may proviqe material which will assist 
planners and architects to design external urban spaces. 'Ibere 
is a need to provide suitable material to allow environmental 
factors to be considered on a rational basis as design criteria 
in the planning process. This material should cover factors 
such as wind and rain, as well as sun and shade. 
The insight.to be gained, by the use of the method described 
into the distribution of solar radiation in urban spaces, and 
"the fact that numerical values are now made available instead 
of dark and light areas on a drawing, suggest that solar 
radiation maps could now be made for public open spaces. These 
maps could be read in conjunction with an analysis of the 
stages of develop:nent of surrounding buildings. In this way, 
areas may be defined which already suffer from too little or 
excessive solar radiation. This will lead to certain logical 
conclusions concerning the height to which the surrounding 
buildings should be developed. 
In the fina� analysis perhaps, the greatest need is to 
establish the relationship between environmental factors, such 
as solar radiation, and levels of human comfort in external 
spaces. 'lb this time, as has been shown above, sun and shade 
has typically been represented by dark and light areas on a 
site plan. Numerical values can now replace the older method in 
this area. This should facilitate the incorporation of solar 
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radiation data into comfort standard form•Jlae. While human 
comfort standards, as is shown in Appendix Ole, have been 
adequately defined for internal spaces, little work has been 
done in the field of external comfort requirements. 'lb achieve 
this, measurements of environmental factors such as those 
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OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
RADIATION IN GREENMARKET SQUARE l - 5 JULY 1980 
Time (SAST) 
07,00 08,00 09,00 10,00 11 ,00 12 ,00 13,00 14,00 15,00 16,00 
0,5 3,0 l 0,0 15,0 22,5 25,0 47,5 50,0 20,0 42,5 
1,0 7,0 35,0 60,0 65,0 85,0 62,5 350,0 92,5 80,0 
++ + +- ++ -
1,0 6,0 25,0 40,0 50,0 80,0 62,5 92,5 80,0 75,0 
1,2 12,5 55,0 95,0 75,0 160,0 80,0 75,0 75,0 50,0 
++ + + 
0,5 4,0 17,5 32,5 95,0 40,0 40,0 52,5 400,0 30,0 
l ,5 15,0 65,0 150,0 87,5 152,5 70,0 67,5 50,0 40,0 
+ 
l , 5 13,5 50,0 100,0 50,0 120,0 62,5 57,5 40,0 37,5 
. +
l ,5 14,5 50,0 95,0 52,5 125,0 60,0 47,5 30,0 32,5 
+ - + - - + 
0,5 7,5 25,0 40,0 30,0 55,0 32,5 25,0 20,0 17,5 
+ 
1,0 11,0 40,0 70,0 37,5 90,0 37,5 30,0 25,0 20,0 
In the following tables, 7/16 to 7/21, the plus and minus signs 
above the numbers denote arrivals and departures from the 
benches in the vicinity of the readings. 
Total 
17,00 18,00 
32,5 7,2 275,7 
50,0 7,2 89�2 
-+- i 
55,5 9,5 57�0 
.... 
70,0 11,0 759,7 
35,0 5,0 752,0 
80,0 10,0 789,0 
57,5 7,0 597,0 
60,0 7,0 575;, 
30,0 3,0 28�0 
42,5 5,0 409,S 
TABLE 7/16 
OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
RADIATION ·rn GREENMARKET SQUARE 1 - 5 JULY 1980 
Location Time (SAST} Total 
07, 10 08, 10 09, 10 10, 10 11, 10 12 • 10 13, 10 14, 10 15, 10 16, 10 17, 10 18, 10 
+ - + 
El 0,5 6,5 10,0 35,0 400,0 120,0 500,0 450,0 425,0 45,0 30,0 3,2 202�2 
E2 1,2 12,5 45,0 70,0 100,0 175,0 525,0 142,3 475,0 . 115,0 52,5 5,0 1718,5 
++ + -+ + -+- + +-
E3 1, 2 9,5 30,0 67,5 65,0 225,0 500,0 475,0 350,0 80,0 25,0 47,5 187�7 
E/B 2,0 19,0 75,0 120,0 450,0 300,0 525,0 500,0 65,0 60,0 25,0 7,7 2148,7 
+ 
.... 
ES 2,0 18,'5 77 ,5 117,5 450,0 300,00 525,0 500,0 50,0 55,0 20.0 7,2 212s1 
E/F 2,0 19,5 75,0 122 ,5 375,0 300,0 500,0 450,0 45,0 5,0 17,5 7,0 191 B)i 
+ 
E7 l ,5 18,0 65,0 100,0 62,5 100,0 57,5 55,0 35,0 5,0 1, 5 5,7 506/ 
E/C 2,0 18,5 6,5 125,0 400,0 170,0 60,0 55,0 35,0 37,5 1,5 5,5 916,S 
+ ++ +- + +- - + 
E9 1,0 11 ,5 30,0 47,5 150 ,0 120,0 37,5 32,5 25,0 25,0 10,0 3,0 493,0 
ElO 1,5 19,0 55,0 85,0 50,0 130,0 42,5 37,5 27,5 25,0 10,0 4,0 48�0 
TABLE 7/17 
OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
. RADIATION IN GREENMARKET SQUARE 1 - 5 JULY 1980 
Location Time (SAST) Total 
07,20 08,20 09 ,20. 10,20 11,20 12,20 13,20 14,20 15 ,20 16,20 17 ,20 18,20 
Fl 2,0 22,5 200,0 19,5 400,0 145,0 50,0 52,5 35,0 35,0 17 ,5 5.0 984,0 
F'2 2,2 22,5 180,0 25,0 72,5 157,5 50,0 60,0 37,5 42,5 17,5 5,5 . 67�7 
F3 2,2 27,5 120,0 25,0 62,5 160,0 55,0 72,5 42,5 40,0 20,0 5.5 63�7 
D/F 2,2 30,0 120,0 30,0 60,0 180,0 70,0 200,0 400,0 37,5 20,0 5,5 1155,2 
A/F 2, 7, 30,0 85,0 35,0 65,0 195,0 500,0 90,0 40,0 35,0 20,0 5,5 1103,2 
E/F 3,0 35,0 75,0 35,0 450,0 200,0 525,0 102,5 45,0 37,5 20,0 5,5 153�5 
F7 3,0 35,0 80,0 20,0 475,0 195,0 500,0 110,0 45,0 300,0 20,0 6,0 1789.0 





'Al 2,5 17,5 
A2 2,7 25,0 
+ + 
A3 2,2 15,0 
AB 4,5 35,0 
AS 3,0 15,0 
A/F 5,5 40,0 
A7 1 , 5 15,0 
A/C 4,5 33,0· 
A9 2,0 17 ,5 
AlO 4,5 30,0 
OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
RADIATION IN GREENMARKET SQUARE 1 - 5 JULY 1980 
Time (SAST) 
09,30 10,30 11,30 12,30 13,30 14,30 15,30 
+ 
30,0 60,0 250,0 250,0 550,0 450,0 450,0 
55,0 65,0 200,0 175,0 150,0 175,0 ·120.0
- ++- +++ ++ ++- -+ ++-
45,0 35,0 100,0 150,0 125,0 400,0 400,0 
85,0 400,0 275,0 550,0 550,0 475,0 75,0 
++ + 
55,0 90,0 100,0 100,0 550,0 375,0 40,0 
85,0 300,0 17 ,5 110,0 550,0 130,0 40,0 
+ +++- + + 
25,0 27,5 50,0 50,0 475 ,0 57,5 25,0 
70,0 50,0 15 .o 80,0 50,0 70,0 30,0 
30,0 40,0 65,0 35,0 30,0 27,5 20,0. 
60,0 35,0 115,0 50,0 32,5 42,5 22,5 
Total 
16,30 17,30 18,30 
65,0 10,0 1,5 2136,S 
82,5 9,5 1,5 1061,2 
75,0 7,5 0,7 1355ft 
60,0 12,0 1 ,5 2523,0 ., 
40,0 6,0 1,0 1375,0 
37,5 11,0. 1 .s 132�0 
--
30,0 4,0 0,5 761,0 
25,0 8,0 1,0 436,5 
17,5 3,5 0,5 28f\5 
20,0 7,0 0,7 419,7 
TABLE 7/19 
OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
RADIATION IN GREENMARKET SQUARE 1 - 5 JULY 1980 
Location Time (SAST) Total 
07,40 08,40 09,40 10,40 11,40 12,40 13,40 14,40 15,40 16,40 17 ,40 18,40 
Bl 3,5 20,0 35,0 17,5 57,5 42,5 30,0 42,5 25,0 25,0 4,0 3025 
B2 3,0 25,0 40,0 20,0 75,0 55,0 40,0 77 ,5 40,0 35,0 6,0 411\5 
+ --+ - + + +-- + ++ - -- l 83 2,5 15 .o 30,0 25,0 50,0 250,0 32,5 50,0 40,0 30,0 4,0 529p CD 
.... 
D/B 5,5 40,0 85,0 67 ,5 135,0 110,0 75,0 250,0 65,0 50,0 8,0 891,0 �· 
A/B 8,0 50,0 97,5 475,0 195,0 450,0 500,0 450,0 75,0 62,5 10,0 237;0 
E/B 9,0 50,0 115,0 500,0 200,0 600,0 525,0 350,0 75,0 120,0 11 ,5 255�5 
+ 
B7 9,2 50,0 115,0 500,0 200,0 600,0 525,0 175,0 65,0 47.5 11,2 2297,9 
+ + + ++ + 




Cl 5,0 22,5 
C2 6,5 30,0 
C3 . 5,0 25,0 
0/C 8,2 4_5,0 
A/C 9,5 45,0 
E/C 9,5 50,0 
C7 105,0 55,0 
cs . 5,0 35,0 
OBSERVED DAILY VALUES IN WATTS/SQUARE METRE OF SOLAR 
RADIATION IN GREENMARKET SQUARE 1 - 5 JULY 1980 
Time (SAST) 
09,50 10,50 11,50 12,50 13,50 14,50 15,50 
45,0 20,0 50,0 42,5 27,5 27,5 35,0 
62,5 22,5 75,0 50,0 30,0 30,0 40,0 
+ +- - ++ --+ -
50,0 22,5 60,0 45,0 25,0 25,0 22,5 
87,5 62,5 120,0 75,0 40,0 30,0 30,0 
95,0 80,0 135,0 82,5 42,5 30,0 30,0 
105,0 110,0 145,0 75,0 50,0 40,0 30,0 
107,5 400,0 160,0 80,0 50,0 35,0 35,0 
67,5 350,0 95,0 57,5 37,5 30,0 30,0 
Total 
16,50 17,50 
17,5 6,0 29�5 
22,5 7,0 37q0 
+ -
,._� 
17,5 4,0 301,S 
22,5 7,0 527,7 
25,0 72,5 647,0 
25,0 8,0 64�5 
25,0 8,0 1060,5 
25,0 5,0 737,5 
TABLE 7/21 
Page 131 
Human occupation of the western half of the Square related to 
solar radiation, ambient, and globe thermometer readings at 
point c7; 
TIME RAD BBTEMP AMBTEMP PEOPLE 
06.30 0 14,4 14,4 1 
06,45 0 14,4 15,0 1 
07,00 10 14,4 15,0 7 
07,15 40 15,0 15,5 12 
07,30 150 15,0 15,5 9 
07,45 250 15,0 16,1 7 
08,00 250 15,0 16,1 4 
08,15 270 15,0 16,1 5 
08,30 275 15,0 - 16,6 3 
08,45 350 15,0 16,6 5 
09,00 450 15,5 17,2 4 
09,15 500 16,2 17,7 9 
09,30 5000 20,0 18,8 8 
09,45 5250 34,4 20,0 9 
10,00 5250 34,4 21,1 15 





























RESULTS OF BLACK BULB THERK>METER, AMBIENT TEMPERATURE, 
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THE INN ON THE SQUARE PREVIOUSLY SHELL HOUSE 










































SOLAR RADIATION ISOPLETHS 
·+ ++ 
0 0 
DATE 1st of July 1980 
TIME 10h00 to 11h00 
Benches are grouped under 
the trees shown thus: o 
0 
0 0 
+ denotes arrival of a bench-user.


























































TIIE INN ON THE SQUARE PREVIOUSLY SIIELL HOUSE 




DATE 1st of July 1980 
TIME 12h00 to . l 3h00 
Benches are grouped under 
the trees shown thus: \) 
+ denotes arrival of a bench-user





















































































THE INN ON THE SQUARE PREVIOUSLY SHELL HOUSE 
0 0 0 0 






D,b.TE 1st of July 1980 
TIME 14h00 to 15h00 
Benches are grouped under 
trees shown thus: o 
+ denotes arrival of a bench-user

























































160 M I 
Appendix. Page 136 
APPENDIX ONE 
HUMAN RESPONSE TO SUN AND SHADE 
'two sections are included here which provide additional 
theoretical material on the hwnan response to sun and shade. 
While the study is a first step towards establishing a 
relationship between environmental factors ,. such as sun and 
shade, and human use of external spaces, it does not aim to 
formulate an external comfort index. 'lbe background 
information on comfort indices and hwnan adaptation is provided 
here, however, to assist in the formulation of an external 
comfort index if this should be seen as desirable at some 
future date. 
CCNFORT STANDI\RDS 
Over the last sixty years there have been approximately thirty 
attempts to define comfort requirements for hwnan habitation, 
and to establish an efficient method of measuring comfort 
standards over the range of atmospheric conditions typically 
encountered. Variables considered include temperature, 
humidity, and air movement • .Adjustments in the calculations 
for the effects of radiation occur only recently. 'Itle lack of 
success in the search for a single scale which combines the 
effects of these four factors is due not only to the difficulty 
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of dealing with four variables simultaneously, but also to the 
different requirements of the user/researcher. For example, a 
certain scale might be useful in assessing the comfort of a 
sedentary office worker, but would not be equally applicable to 
a worker in a steel mill, who would be clothed differently and 
would be producing far more metabolic heat. 
Some examples of comfort indices are listed below. These have 
generally been devised as a result of experiments in controlled 
environments, where subjective reactions were recorded after 
each variation in the conditions. Results were plotted to 
produce a nomogram defining the relationships. 
Effective Temperature Index (Houghton 1923-25, U.S.A.) -
considers air temperature, humidity, and air velocity. 
Resultant Temperature Index (Missenard, France) 
_pperative Temperature Index 
F.quivalent Warmth Index 
Equivalent Comfort Index 
These indices were used for fairly still, saturated air. 
Predicated Four Hours Sweat Rate (McArdle 1923, U.K.) 
Index of Thermal Stress 
These give the expected sweat rate under given environmental or 
. metabolic conditions. 
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Heat Stress Index 
Ratio of the evaporative cooling required by the body to the 
maximum evaporative capacity of the air. 
Givoni (1969) observes the correlation between predictions and 
experimental result, and arrives the following conclusions on 
the reliability of the more convnon indices: 
"Effective Temperature: of all the indices reviewed, the 
E.T.index appears to be the least reliable in predicting the 
expected physiological and sensory responses, both in 
comfortable conditions and under heat stress. 
Resultant Temperature: the reliability of the R.T. index is 
satisfactory in predicting responses of people at rest or 
engaged in sedentary activity. 
P/4 s R: the reliability of the P/4 SR index is satisfactory 
under light to medium heat stress conditions for people at rest 
or engaged in light to medium work. Under severe heat stress, 
it is still reliable in predicting the sweat rate, but this 
response alone is not so important, and so under these 
. 
. 
conditions the index is less satisfactory for predicting 
physiological strain. 
Heat Stress Index: the H.S.I. is suitable for analysing the 
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relative contribution of the various factors resulting in 
thermal stress, but is not suitable for predicting quantitative 
physiological responses to the stress. 
Index of 'Ihermal Stress: 'Ihe I.T.s. is suitable for analysing 
the individual contributions of metabolic and environmental 
factors and for prediction of the physiological strain imposed 
on resting and �rking people. It is reliable in the range of 
conditions between comfort and severe stress, provided- that 
thermal equilibrium can be maintained (stabilized rectal 
temperature and pulse-rate). Beyond this limit the index does 
not apply." 
Koenigsberger (1973) also points out that most existing indices 
have limitations on their practical application making, them 
valid and useful for a limited range of conditions, but not_ 
universally. He goes on to recommend the use of the Corrected 
Effective Temperature Index as a method for translating 
regional and site climatic data into a single index figure. 
Details of this index are set out below. 
In Cape 'Ibwn, the Factory Inspector (Premises) of the 
Department of Manpower Utilisation applies the C.E.T. Index to 
determine the quality of indoor environments, as well as taking 
readings of the sound and light levels. 'Ihe C.E.T. Index �uld 
therefore appear to be recognised locally as a useful guide to 
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the measurement of environmental quality, and could be the 
starting point for a wider study of urban environmental comfort 
standards. 
The Corrected.Effective Temperature Index 
'Ihe C.E.T. is a refined form of the original E.T. Index which 
integrated the effects of temperature and humidity only, air 
roovement being incorporated later. 'Ihe Corrected Effective 
Temperature scale includes, in addition, the influence of solar 
radiation. 'Ibis is achieved using a globe, or black bulb 
therroometer, instead of a dry bulb therroometer, to give the 
mean radiant temperature, which can be defined as follows: "If 
all surfaces in an environment were uniformly at this 
temperature, it would produce the same net radiant heat balance 
as the given environment with its surface 
temperatures"(Koenigsberger, 1973). Globe therroometer readings 
therefore reflect both the effect of any received or emitted 
radiation and the air temperature in combination. 
Koenigsberger also observes: •• ••• if the globe thermometer 
temperature is not available but the D.B.T. is known, in many 
cases it can be assumed that the surface temperatures are the 
same as the air temperatures •••• If there is a strong radiation 
source, with a known intensity, the globe thermometer value can 
be roughly estimated as l degree centigrade higher than the air 
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temperature for every 90 watts/sq.m. radiation intensity". 
In its present form, the C.E.T. Index is not able to integrate 
external climatic extremes, having be·en devised under strictly 
controlled indoor experimental conditions around the narrow 
range to which humans are adapted. 1hese climatic extremes 
make it 'imperative, however, to plan urban spaces with human 
comfort in mind, by re-evaluating the environmental 
determinants in the light of contemporary human requirements. 
Thoughts expressed by Jackson at the c.s.I.R. Symposium on 
Design for Tropical Living (1957), can equally be. applied to 
the Cape 'lbwn urban environment: 
"So long as there is some chance of making use of the natural 
climate to attain acceptable living conditions we should be 
prepared to do so. But there is a further point. While it is 
relatively simple, though expensive, to alter indoor climates 
by mechanical means, so much time has to be spent out of doors 
that the comfort of the outdoor climate should be considered 
too and planning undertaken with the full knowledge of the 
importance of shade and ventilation''. 
HUMAN ADAPTATION-TO SUN AND SHADE 
Recurrent insistent effects of fluctuating environmental 
conditions have forced man to make appropriate adaptations, 
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such as roving to a toore congenial climate at the onset of 
winter. 'lb those with limlted means, there is often no 
alternative but to suffer the discomfort of environmental 
extremes. Recognising the wide range of this subject, it is 
necessary to concentrate on two main considerations: the human 
physiological response to the requirements of thermal 
regulation, and the adaptation of the natural situation to suit 
human requirements by the creation of a built environment. 
Physiological response 
Despite large variations in the external environment, it is 
essential for survival for the human body to achieve stability 
of heat gain and loss, and to maintain the temperature of inner 
tissues within a narrow range. 'Ihe environmental factors 
affecting body temperature are radiation, air temperature, air 
rovement, and humidity. 'thermal balance is maintained by heat 
exchange between the body and its environment. Heat loss takes 
place by means of convection and radiation, by evaporation of 
sweat, and by evaporation of water in the lungs. 'Ihe body's 
metabolism produces heat internally, while heat gain may also 
be achieved by convection and radiation, depending on whether 
the surrounding environment is colder or warmer than the body 
surface. Givoni (1969) summarises the factors determining heat 
exchange of the clothed body by dividing them into two groups, 
primary or independent factors, and secondary or dependent 
I 
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mean radiant temperature 
air motion 
va,EX>ur pressure 
clothing type and fit 
Secondary factors 
clothing temperature 
air motion beneath clothing 
skin temperature 
sweat rate 
wetness of skin and clothing 
cooling efficiency of sweating 
While heat exchange at the body surface is determined by 
temperature and va,EX>ur pressure differences betweeen the skin 
and the environment, the body can exert a measure of control, 
both by regulation of the physiological systems and by 
behavioural patterns. 'Ihe extent to which this ability is 
required to exert a regulatory influence or not, is a measure 
of the comfort or discomfort experienced at the time. 
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APPENDIX 1WO 
The following diagrams provide details of the locality, size, 
shape, and erf numbers of the individual properties bordering 
Greenmarket Square. The future distribution and intensity of 
solar radiation in the Square is largely dependent upon the 
extent to which these properties are developed vertically. The 
future of the Square will be affected not only by development 
of the properties detailed in this appendix, but also by 
excessive vertical develor--nent of properties up to three blocks 
away in the path of the sun, as has been shown in this study. 
> 








. , 'NcT//1 , · "!"he '!'""II .:,h�wri 
,-INo.""':f l17e ;,,._ !!!·'- "� ""' 



























LJ CJ ,- ..5' :t'?- e e f:. 
r::��==-...:.-
G:::: :..:- · 2375 CA?E TO\"Jl'l 
c.t C::;:a Town 
rj 
QJ 
__ Cc>i: ,.,.,..-,. __
nl,, . ; ._ • ..!'.::l'.l...!!"o,. 
6c _. 37 1.7.S 
l'-;1 •.•..• 8 "°.
9h ... ___ ,.o ·""·· 
hp -·· . - .:rs •. 
····- -4n.,fl-:.o. r,!;,tb
__ ..._ ____ ,_ 
.� ... .f� 
- + .. .,.. 
i 
I 
. • ::,.7 _77-,f!!l' .. �o-� f',9urc -,. �- c: .ol. c.f'i 9 h. ,i,:,;o,...,,,,::Sd'r7e ..s ..5�<-INrd � ea .s9uan::. ... 4 
,.,,,,.;..J.. 
/e:cr_ o/ /..,,--,cl .:!S;l'u-Rk ,,;., tf-u::. ... City qr- C� Ta;vn. ";.., /!'1:!!: C."'1---= ,a;.,.�,or?, r"':-
6�,ng Lot . GH. co,-,.:.i:sling qr.- /1i-.:::1, • #>c ;:-,gwrf!!l' ..,, k. <J':P. o. n. ,...,.✓. ,,.._ .t. ,n.
�.,. . ..:.:, ... 
c.,r/'(!!'r,/'" s s�v.;.,n:. rood'.!!S :2U .:S-'71.J,.;;;,re. r:::;,e, •4 .s, ,t=>,&rf' .:::'" £.cf /'-I�✓ • .l3foc:k. � 
L .,,,_ • ,_r, - ;_, ..,_ b/', • I ,V N. . .;!i,il AA .. .- • • 1 ,V • • • • ,r8r1�crr<=<;r .. ,,., ,, . .,..e nru,yer.o,,. ;r,cl'•J'1sy.l.'8.:J .. ..Je.cor1cr, inc:._ .. 
-"1� 
/i9t..1ra t:. •. /r'.l.rn.,.... o.p.9.e:.r. ,1n ex/'e:r-,f-. s 59t..1ore rood::s z.e. S(7e,.,"'7re f'=! df. 
,;;;, ;c:u;;rf' '?/' Lo:! H0 ✓, Bl'oe:k L • ?ror7.5j'err<id J'o fl-u;l,1p /l.:;-r.1'°'7'? en. .... 
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1-Jr.J St#! •"J/Ot .. 
er.-.✓-78 
· 1,no!!.









O. st/lCl6., ,1 
Tho Dr.\ir.!v·� semt���, �rn lnid i'7-;:!t r-1 chm!tlt 











Bovemtu:.?do Picuur cc=� A IJ.hot=!e:d1!1 i:::n Q-cad� r-xxlcn 
21 do. Voatcn &: 62 ,:oly'.::o d�n. 1o t3lc1:-?l'l b � Xc.::.t:31.ed 
• aande Markt Ploin. :i:,-n�e een ccdseltB �..n •t trt -r..i,, G.3 l!cdtq
Ba.rto:ig.
....... --······· . 
Strol:kcnde 11.U. C!l.1l 't £rt' TDA C:O I.'\' Anos! •. 
li.O. cm� �..n Rob� FMlllp:,.
z.o. m:.n do lt:.rkt Pleh on
z.w. can. •t rosteorende gcdeelte. 
Cali:&eten door � 
(aot.) Jno. Melvill. 
Ge\ Gou. L�d! 
·-------:------
D:-t/ra 
;° 11.\C(�IEN t::f� 
LC£CC.WWS ll:.CES:tN ,e_ 
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�C? Li:;ht So:-?i tuci? !:.�a �c"n 
co�·::i c:i ::hc,::1 Vida l!o� nacd !!o
359-1939 (S��)S.G1ldi:i�hc�.nia
DQtO 29.12.39 F. Survoyor-G��ornl
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S:rvitua j 
Err 2357 KAAPSTAD 
te Kaapstc.d 
I j i l 







Scha.le van 5 RYulo.ntse Ro,,f.:n 
Dese bovenstnande Figuur voor de Trom,per 
postman 
t groot 14 qund roeden 88 voets en 24 dito dm 
verdealt door 
(Get) E. w. Cochius 
gow lantlmete1· 
7.�57
ERF 2357 5 
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ERF 2360 
n.. 1Jgbt. Se,:-,1\..Se bu bN!n 1a1d 
dow u oho""• Vld• llot..ller.l 
••• )69--19)9. 












+•  · stn1mm: llnr.JW-. AT:-'tCT».c nus n-.o'.'D.n• o Fl,;DJ W!Tt! &rr :U� . �� ... 1""--r'-----�br-,ff
E1 46:'1 
Ft. ,Ov)""' 
-----..i.. _____ .LJ. 
L,..r r ,.. r r r 'I" r
j !�'42JEl>-w�;;..,I 
f ' 
Sch&l• """ 90 t)'nlan:lt.::o Voet.en, 
N! lcn'alolt TT• 
D .. e boni:at.aanie r!.guur groot. 2:: quad, ro<>den eD 11, .SO. 'IOO!.ell 
OD 42 do. d""""'"· 
Gti:et<ln .,. ftrdcelt. toor, 
(Cet.,) E, II, Cochiu.,, 
�i;;: 21f';>--
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ERF ,361 KAAPSTAD 
tc Kaarstad 
10 20 JO '° '50 ro ,o to 90 soo 
1 I ! I I 1 
Scale van 100 Rynl. Voete 
Bovensto.ande figuur A,F,G,H,I,J,K,L,H,ll,0 1 
Zynde gelegen in deese TafelVally in 't 
Blok JJ 
groot 17 r,uad. Roeden 28 d0 Voeten en 41 
gelyke Dm 
Uemeeten door my 
. .
(Get) C.H. L"eiste 
gesw. landce&ter 















I . 1,- t f i 




cs.rlrt Str� c:i c:?c�--.. dt t:.;t t::l� 13 c::i c::-�-:.lt::, 't'"'...ll 1t·:; ..;.;cl.C3 
r:0.3 cn·4 c:c::>t 1n �� � 17 c;::.:::d. rc::::!c:::i 97 <'!::,. 't'wt::::a en 
Hc�ct::::i co. c�::rtc::ird C::.Oor 
J. 11. \!ornic!l.










D7 2�66 XUPll'tAl> 
t• Kaapa�a4 zo 
A -
,o 20 so •o so.• w ,o 10 IIO t00 no 
111 t t t _.l I 1 -L-I_J...J 
lchaele ,,.,. 110 ll7nl...,doe foet .. 
done Tatel fal 1;:, in he t Blt'k Kit •n aldaar llo. 1 e11 2 
•• ee11 gedtol te va.n Jfo. ) groot 41 quadt. Ro•de,i •n 
)7 dito foetu 
gemeeten door-
ta.t.) c.P. Brialt. 
1••"• land11••t•r• 
9 
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ERF 2467 C.\PE 
at C�:;,o Tou:1 
TO�l:l, 
10 .. .. 0 � 20 JO UJ 5) eJ ;:) (:J � I 
Rhineland feet 
The above figure A,B6C,D,E,r, re,:esents 36 Square Roods23 Sqr feet ::�d 24 d inchoa of ground with a dwelling house 
�nd other buildi�33 erected thereon, situate in Ca?e Town 
in 1:arket Square Corner of Darg Street being part of d the Property i�ansforred to J. C. Gie ? ? ? on the 23 Janu�r;r
WW 
Boundeclr ,n thu NE by 1-larlcet S1uare 
or the S� by Bure Street 
on tho S,i by the Premiees bolongin5 to M".', Volstecdt 
and on the !:rl by the Remaining part of tho P:c:ni3es 
The above Prooerty was Sold on Condition that the ?3S33GO 
indie.'.lted on the diagram sh,'\ll be Co:nmon bot11eon t':is part 
of the property and the part reserved by the Sello: that 
neither of.the parti��, nor thoi: Succcs3�::'s �h3ll �o allowod 
b;• any ccans wlntever to obctruct ·t!::.e said pa:;s::ge ::r.d t!�at 
both chall have an equal Right to lcrid off throuch the 3a�o 
tho SU?erflu�us water from their respective Promises.- end that 
tho trall.::.ndicatod by the line BC ehail boa co::i;:io:i or party 
wall.-
Laid down frc� actual Survey 
















date.t.Hit . .?.:.l.:'b.: .... n favour of 
/..k .. ef.cc:c .. #.l�r.., .. 11t!. • .£& 
"'L 1-...C..,.....,.....--,=,,._C__,,_...,�C----,...,......._C __ I... ·
I Ml• ..- C.-fc,1-,,,,.,1' • t lmJ.. 
rt/rtUHIJ _____ ,.."f#MI_ 
SI Jq11,1rt ro,,d, :.!I Sf'""' fut•/ ,.,,,,1 s,-,11alt in� CAPt:: TO\VN. Caf'c 
Di1.is,.,,._-J ol II,,, corner or Lor,g /.fark,:.-1
-- o,,d Bu':/ ..)t-rc:el.!'i .f:-c,,;g'THl:: _ OLD TOWN HOUSE:' 
of"w.'11,-J, .,!,., f'"9ure- a 1::-'r:'g ,'r, c/t-cnJ- tt .SqRood.s 07_SqFe:cr ,;, th-, re,,.-,amder or .1.1,., lcmd 
grr:mh:d ,& C.Sva,· en /0 October 1708, end th,, fii;,.,re 9 c,1', 'r ,;, ,,.//cnJ- 2<1SqRo,x;/s 78 
J.:, F,,.,,,.. ;,. pqrl o.' .1,,. /,::,,-,,:/ 9ranl--ed ,t; J f'bas,ien on II-,., 2 l'itAjo::;/- 1712 • 




7i,.,, Q:/ "!hatched ;>;,,�,-n cmd �,....y ,.,;- #w IZyv-" Cony:,c.my . 
J.)-op,.•,·h; or Jh,. .1'1"!:1',.,. Cornpa"<f and ,e,,,..,.,,,;d.,.- w l.d N".s. 
l3u,9 5,-,..,,,,,... 
CM'"11tnnt L,oU Svn"IJO'. 
I fffh/) ,., IIJii du,."rllM "''""ts '" , ... r,-. .uu},, iu11:-d ,1,:, , • ., in /ll""'1llr � 
l/P!'f ,r _ i
a
;;
· • .,,9, <.,;. 
.._...,_ .. r.m o:el'r:s:::.� mJ r.::1;. t:AC ;(' OF cc� .
ERP 2433 
11 












.ii✓;.:� .. ::o IJ .,. 7 ... .-,��D ., .. � � �c::..::o-:::.,;- l':;;;:: ... ::J . 
.c/ . .:':J,.-,:::, C " 7::,,1,1,::: ·C2 t< :z:::oC.::::•;..;: 
/..9/./.:.,.-.�..::> 0 ;> 70/.CS·/4.# 2G/C0•7�' 
,x�// c..::,,;-,neu·. 
JJ • d,:-::nn. ,:r,:;r;, ,P.:.:,9 _,,; �""· 
A�r L-a:::o,,-,:::-d. 
Sc,_,,.. ,, 7.00 
Th::i fioure 
represents .!J�/.3 
//7.3 s=.u • .,.re /ce/ of IJnd. b.::::.g 
'b!' • Er/"..,;:;.  por;,o,., o.r Er/" 2�4. �f:":'." 7ctvrr 
l\!o. JJ//7,19 .inr.c::c::I to 
No. /7/.?• /•.::o.a 
Comp. 
lr�n:!:r/G:��• 




I ERF 2�20 UAPSTiD I 
l• lte.p:-,ita.:S I 
1.0. l>p. llo 
.Wr!fl 
Schale •an •Yt rYnlL,tH Roedon 
Qroots 16 Qu. Roeden 
9, Qu • Yoe ton 
(Cat) E. v. C:ochiue 
11:IEII IC[EJISY \'Ill 











ERF 2. +J 
I• llMpct .. 
.__ _ _,_,• __ .. ,2 __ ... ,� __ �•-4 _ __,1:) 
R�. RoedoD, 
BoTenol.Mac!• Fie= A.B.C.D.A, inhoud•al• 20 Quadraat. 
✓ V 
Boede:i &:l Qu.draat Yoet.en door ,.., es::eten, 
.... . c/a ................. N.02d.c.r.2.-1.:, 















• i_fJ.LCJ', ... /'i"' 1• f". , ...
Scbul ftA lO llh,;t,>l. ltcd�11, 
l 8LK/:t:!" 
l!o,..n•tund• '1g1>l:l' A. II. C:. ll. A. 1alloud•a<!• 
- . -
l<AAP&TAD 
)7 (llwlt.· 111:oden 124 �dt, Vootoa do.>r a:r C&Hto11. 
/Jr /hi tf l 
t;Jvdfar., ... 
lO.a.1'!19 •..• -.. � c1 , .. , .. ,,. 





.,·':" .· ' . ·,. " 
s.a. De:,, l!o 16/1791 
Tho Scrv Li��t �ell nbcd 
!l!l.a been lo.id d:>t::1 an shown• 
Vi:io flo t1. · Dct?d No 80-1940 
(Si;:1) s. CULDENPF:C::r:.rna 




I tp .:p q 69 
Sch.t.le va::1 60 Ryl Vooten 
ERF·2415 KAA?STAD 
te Kaapstad 
Bove�ctaande Ciguur is geleegen in deeze T3ve1Valley 
in• t Block EE en Aldaar een gedeel te vnn !lo ·3, 
gi·oot in :r.yncn grond 17 q\tad t Roceden 51 d0 Voe ton.
Ge=eeten en vcrdeelt 
door c:, 
(Get) J.W. WERNIC�[ 
gosw L:i.n.d:::ceter 
A fokri f v.ir: kanrt sehec nan 
T/A 1791.1.93 
Vir: L?'!.ti&:;':;•:'r-tiennJ•,ml 
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:P.T. 1!1'40• lol • 'UtC: 
Pin. 7 or BIOCk CC 
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·,, 1···-11-,·: UI 
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., .• ,�C)O 00 1 .. :♦ j�, I-.... �.+ 2·,�!ttS · • � 
At· u.1 &O C • 19�7 70 ♦'l.2.02.4 ·$0 
910 2:�f>() o•·--.�ie'is-.:.-,1.,:,0'2&"'."•'" 
--.-.·.�oo: � t' ...... -:.:. .1·:. i .. 2io�(i-isi 
�:! •-' . oa 
��� 
��o ·.�•· �� l �----♦ .•oo, �-��.?10�� ?� .. 
Af. _....,. or b<.ild�. 
ll �- _,..i ;,..,., ,-s •i 1,.,;ld;"3 
C. wal ......,_... 
:I). ..,,..f"'...i ""'"" 
I!. 'I'•· .,.....,. ;... P':) at i,..-w.,.9 _,..,._ 
.,,._ """" A.aci:>s' ,.__..,"'S '--<l 1>T. 1"1•5·1-� 
V.do >ilS""" No <;/ 17 A 5 . lrt 174$ • I • liO 
Z. '!ho r'J'""" ,,.u: ...,.-. • ..,� !:.!!:'!! l)T l74S•!•5C 




.,, • ...., 1::c,, 
,--,--·--





. •f }.� l!;"i t 
17 
=rb V :)4 . .?':Z. .... ::,1 .2.�.40 ✓ 
I..:. v :ri.. ,t;o J, o=,. '· .3o v 1 cd• 10-17 <::. !>l,O-.!:o v 
da v 8, ;;>.8 d. 2.613 6 -"<> v 
FZJ' 1/ 19, �I 4<, !!N .2:!>. 0 v' 
0l \/ 5 · 70 I. 260. '5/. o ...iJ 
::,h V lo o4 :J· 30. 52. . .!50 ✓ · 
1-;
✓
,·v A-4 22 �- 2-70- I/, :' ✓ 
/1 v' 4 7· 5.:, �- .">o- ll, .::,o j·· 
�""' V Co =r"- 139. 7· .Zo 
8:::;o<:Ol"Y�.'• 




ERF 2.,,7 CAPE TOWN l .
at C4i:o Tow11 
t-� ___ ___.1_ ¥' 
,.;;J. .,d 
. .5::.,,.--:-k.-,--', .-. -,.-5,-0-. 
__ ...._ ____ --I 
71-,e l'✓jp...;rc /� /fe. ;- e cl °'· k c:. o/ c . I". 9 ,I., J. J.. rej=>.-e..s ..._,....,/-:::> 
5 I _"5 6 .S.'ju<.:.:r r-:. lee I r./ lo,... d C c,,k cl Lo I C u c,r-,c/ C.e>.,...,...,p-1::.<ee.s :­
/. FiJ...,re / ...,,, n c_j I:.. rerre5Cr,l,;.,o b,..,d Iran . .,: loJ. B. c.>c.ck. ,.,, .. :::,. r,1i6 ,l 
' ...,/ (tNC·l-83/ 




./, l'U/:,,-,,--..:>=,n/2751 rc,r,c,,,;..,d.,,,,- � k,,,d ,I,-.,.,.,.,,._. tb 
8.Pte.-1-e,::_, . .2.:,-7. ,74.t!>. p745•/•5!p 
.51/.,.u::�le. µ-:..,_ Ae Ci(:;/ cl" Co� Torv'"1 · DN;�,'o,-, e>./' e,,.,.� Pn:;,v;..,cc 
o/' c...,.r'"!.'! c/ Good lloru . 
.5,..u-va_ycd ,,; /VovernL...._,, r IS>:!!S!:J! h_y me, 
f.c;.Ld
Goye_,-.,..,;::;e,,..,/ Lc,,-,,d 6...--vc ev� ---------------�-----------
7h16 d� rczrn ,:::, onnc;<,-�d lo 7:1-,,,. 0.-5,r,;o/ d�.-orrr.:S 
Cerf1/',,;"'/e J Ca,,:;;;,t;,,t<>led � 7..,0,:-ed ,,..; ./l;e
T,./lc: IV'! 299G ..::hied 3rdR
f"'l,1?40 d�.::sc.r-�k,t-,. 
.,,.; /4vo,.-,-o/.' Com,,.,orc.io/ U11ion 
R,;o.,ran�e Co, l.t.i. 
�""':.'.i /ko.rt::h
: ii ; ::·. 
__ E_A_F_2_4-·"'!'""",�;r�-+.Af>E l;,.y';,._7,_,f 




------ ------- -- ------
1 
' 
E?.F I+ 395 l:..\.\P.::'1?.\D 
te K:::npst.ld 
2 3 4 S 
l I J;;;;:.t
S�haale van 5 Rynlondse Roeden.· 
BovenstaanJe figuur A.B.C.D. zYnde gelcegcn in decsc Tafel VallY in 
t hct Blok II en aldaar een gcdeelte van No. 1 groot 8 qundr. Roedcn
81+ quadrant Voeten en 36 c .. to (1uYme g•nnecten door 



















-, Corners of r,slls. / ½" hole in cement pessnger.ay _,. • 
i" hole in eranite stone. ·· · 
CAPETOWN 
t 1.-L f f' · .�/ •·r "j C,pr Fl#L ,..___,___, 
----s-.!.-�.!i� ·--'"-------'
Tl,c figure A. B. c. D.
,. ...._., 
represents 1,218 equaro feet of l<:nd being 
PORTIOM o ·f LO'i" .No. 1, BLOCK n,
situate in the Uunicipalit7 of Cape To\"ID
1 
s:t=u: .i:a _the Division of Cap!. Provir.ca of Ca-pa of Good Hope • 
. Sur;;ey.:d in l!arch 194 9 by me 
This diagram is ,innexrd lo 
Reg.strar of Duds. 
ERF 4396 
20 
� ( I/,, /4,:��· 2j
•. 
• .,(_; r.c.--;f' .,,,;, /,.e�v-
• �
r-
-=-------.n.�-�O!!...__;_ _____ � 




SCALE OF C"'PE. ROOilS.
1lt al,,i« Dia9rm11 lcttmJ,,_d /,,/[ rtprt1t11ts a piccc of lo.ml corrt�i111·n:1 . ..:;' /,{.
-=ls, ,ituattd in t;,c Drri•ia=f (J;;:✓-,<- ,.�i-;;;;, •,c,;> Ekltls:rJaw:ys,j'
c111Un�11-l�J o.t th, Nurth !J•t•.-_., t· J
'/. 
,-1/Ju,-,;j' ,j/;�,.t',,l.:
Southb:Jur.sl· ,{� re.n--ra,:,,..._,·,<f �e-n.:t'� o!
.n;.,;.r1,,,Ea1t I,!/ rr-u ,;..,,.l,1 t ,:, , . .-Y r ,,-1,,.,../_
. • ..J • .• .. 11' • ,;. ,. .,.Jiu, ,,.,,,,It 6y,,1rn,-;•�:,,.,.r,-,•/;t .f /) /i•r, f';
!.tin:., part of the l!.'am /rtyu,;l'y /';yr.71,1/�_,,.,-,-t,. gumtcd..bt. I�,.... /� .,/
. . 
• "J ,;-r,:-' , ,..� f-' ,-1/ • • · . 011 the � ,,. · ;'.'' luy q/ Jl /1,-_e,,.,. ,.,. «•r'/
••d r,giitrr. ,J.
,rr,,,-,rlr 
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